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FOREWORD 


The  successful  results  of  tests  on  a  fiber  optic  data  link,  manufactured  by  International  Business 
Machines  (IBM)  under  Contract  No.  N0(H-23c76^^66S  for  the  Naval  Electronics  Laboratory  Center 
(NELC),  San  Diego,  CA,  begun  in  January  1973<TeHT'JELC  to  propose  a  further  investigation  of  fiber  optic 
data  transmission  at  full-scale  system  level  iniin  A-7  aircraft.  The  proposal  to  design,  install,  and  test  such  a 
system  was  approved  by  the  Assistant  Secretary  of  the  Navy  for  Research  and  Development  and  funded,  in 
March  1974,  by  the  Naval  Air  Systems  Command,  as  a  2-year  program.  AirTask 
A36036(KJ/003C/4W41X1-001  provided  for  the  implementation  of  the  A-7  Airborne  Light  Optical  Fiber 
Technology  (ALOFT)  Demonstration  with  NELC  as  the  lead  activity. 

The  Naval  Weapons  Center  (NWC),  China  Lake,  CA,  had  the  capability  of  making  ground  preflight 
tests  with  the  simulator  in  their  A-7E  Systems  Integration  Laboratory,  the  means  to  install  modifications, 
and  could  conduct  well-instrumented  flight  tests  and  provide  systems  engineering  and  maintenance  support. 
For  these  reasons,  the  preflight  and  flight  test  demonstration  was  assigned  to  NWC  where  the  work  was 
carried  out  during  the  period  from  January  through  October  1976. 

This  report  documents  significant  results  of  the  demonstration  as  a  matter  of  record  for  NELC.  It 
deliberately  avoids  any  classified  aspects.  This  complies  with  NELC’s  request  that  it  be  kept  unclassified 
because  the  state-of-the-art  in  the  development  of  fiber  optics  technology  makes  it  desirable  that  potential 
manufacturers  have  ready  access  to  the  basic  findings  of  these  tests. 

The  report  has  beer,  reviewed  ibr  technical  accuracy  by  J.  Hall  and  R.  Bruckman. 

The  following  membeis  of  the  A-7E  Program  Office  and  the  Tactical  Software  Engineering  Division 
also  were  responsible  um  conducting  the  ALOFT  Flight  Test  Program  and  made  contributions  to  this 
report;  J.  Basden,  R.  'Vestbrook,  L  Thompson,  J.  Williai.is,  and  W.  Chartier. 


Released  by 

R.  V.  BO\b,  Head  (Acting) 
SystCTiS  Development  Department 
29  jfune  1977 


NWC  Technical  Publication  5954 


Published  by . Technical  Information  Department 

Manuscript  . S362/MS-B0672 

Collation . Cover,  57  leaves 

First  printing  .  265  un-.’.imbered  copies 


Under  authority  of 
R.M.  HILLYER 
Technical  Director  (Acting) 


Code  2500  (1) 

Code  2500,  R.  Kochanskl  (1) 

Code  2530,  D.  J.  Albares  (1) 
Code  2540,  T.  Meador  (3) 

Code  3500  (1) 

Code  4100,  L.  Haulsey  (15) 

Code  4400 

D.  Forman  (1) 

G.  Holma  (1) 

Code  6430  (1) 

PATC  (1) 

Technical  Library  (14) 

7  Naval  Postgraduate  School,  Monterey 
Code  55JS,  Prof.  Carl  Jones  (6) 


C. 


Library  (1) 

1  Naval  Research  Laboratory  (Code  5504) 

1  Naval  Weapons  Support  Center,  Crane  (Code  3083,  Randy  Reynolds) 

1  Naval  Plant  Representative  Office,  Vought,  Incorporated,  Systems 
Division,  Dallas 

2  Army  Electronics  Command,  Fort  Monmouth 

AMSEL-TL-M,  M.  Tenzer  U) 

AMSEL-VL-A,  Avionics  Laboratory  (1)  /tntpaa  mat  tt 

1  Air  Force  Systems  Command,  Andrews  Air  Force  Base  (DLCAA,  MAJ  D. 

1  Air  Force  Avionics  Laboratory,  Wright-Patterson  Air  Force  Base  (AAM, 

1  Air  Force  Weapons  Laboratory,  Kirtland  Air  Force  Base  (ELP,  LT  K.  Soda) 
1  Director  of  Defense  Research  and  Engineering  (Assistant  Director 

Electrical  and  Physical  Sciences)  ^ 

1  Defense  Advanced  Research  Projects  Agency,  Arlington  (G.  H.  Heilmeier) 

12  Defense  Documentation  Center 

1  Department  of  Commerce,  Boulder  (Dr.  R.  L.  Gallawa) 

2  Langley  Research  Center  (NASA),  Hampton 

H.  D.  Hendricks,  Mail  Stop  499  (1) 

Dale  A.  Holden,  Mail  Stop  477  (1)  t  i  ^ 

AIL  Division  of  Cutler  Hammer,  Deer  Park,  Long  Island, 
amp.  Incorporated,  Harrisburg,  PA  (W.  L,  Schumacher)  ,  c  * 

International  Business  Machines  Corporation,  Owego,  NY  (Federal  Systems 

Division)  „  j  \ 

McDonnell  Douglas  Corporation,  Santa  Monica,  CA  (R.  Cowdry) 

McDonnell  Douglas  Corporation,  St.  Louis,  MO  (G.  L.  Weinstock,  Dept 

4  Rockwell^ntemational  Corporation,  B-1  Division,  Los  Angeles,  CA 
Bill  Frazier,  Code  BB33,  Dept  110-170  (1) 

Chariot  C.  Zelon,  Mail  Slot  BB35  (3) 

1  SWL  Division  of  General  Research,  Herndon,  VA  (Elmore  Wade) 

3  Vought,  Incorporated,  Systems  Division,  Dallas  TX  (T.  Coleman) 

1  Westinghouse  Defense  and  Space  Center,  Baltimore,  MD  (John  Cullom, 

MS  3714) 


1 

1 

3 

1 

1 


NY  (Edwin  Drogln) 


NWC  500  (?/7ei  265 


UNCLASSIFIED 


security  classification  of  rms  page  (Whm  Dmtm  Enfarsd; 


\Jj  y.'  RBPtW^  IIUWUeR-T*  / 

NWC-TP-5954  /  ^ 

(3 


REPORT  DOQJMENTATION  PAGE 


2  aOVT  ACCESSION  NO 


■«»n  iwiu  Juuiiill! 

ALOFT  Flight  Test  Report 


J 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


S.  NECl 


s  cataloo  numsen 


HOD  covENC 


ir  REPORT 

^^unnary  re' 

frOct^iSr  0k  76 


eRmRwi'RU  URU.  Rf* 


7.  AUTHORflJ 


B.  CONTRACT  OR  GRANT  N>JMBERr«J 


James  D/^oss 
L .  M  .y^ohnson 

ING  6Pig'1nization  name  and  address 


Naval  Weapons  Center  v/ 
China  Lake,  CA  93555 


11.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

Naval  Weapons  Center 
China  Lake,  CA  93555 


10.  PROGRAM  ELEMENT,  PROJECT,  TASK 
AREA  A  WORK  UNIT  NUMBERS 

AirTask  A36y)360G/003C/ 
4W4-1X1-001 


Ti.  Repu^SAT^^T 

OctahBT  J077/ 


II.*  RUeSER  LM 

112 


¥77/ 

hShTs 


U.  monitoring  agency  name  a  AODRESSC// dl/fcrant  from  Conlrolllng  OtIIca) 


IS.  SECURITY  CLASS,  (ol  thit  taport) 

UNCLASSIFIED 


ISa.  DECLASSI  FI  cation/ downgrading 
SCHEDULE 


I*,  distribution  statement  (at  IMa  Raporlj 


Distribution  limited  to  U.S.  Government  agencies  only;  test  and 
evaluation;  29  June  1977.  Other  requests  for  this  document  mus t 
be  referred  to  the  Naval  Weapons  Center. 


17.  DISTRIBUTION  STATEMENT  (ol  tha  ahaltaet  antarad  In  Block  30,  II  dlllatani  from 


D'D  C 


MAR —1. -..1370- 


J 


h 

J'CO'GDT  ■istIJJ 

F 


18.  SUPPLEMENTARY  NOTES 


19.  KEY  WORDS  (Continue  on  rovoroo  •!</•  i/ nocoooaiy  mtti  irfonfi/x  by  block  numbor) 

See  back  of  form. 


20.  abstract  ^Conf/nuo  on  rovoroo  Bldm  U  nocoooory  «n<f  by  Mock  numboO 


See  back  of  form. 


DD 


form 

I  JAN  73 


1473 


EDITION  OF  I  NOV  68  IS  OBSOLETE 
S/N  010J-014.660I  I 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  flHi»n  Pata 


(pJ.9 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PACErR^«n  Dmtm  Enffd) 


Sd  a 


NWC  TP  5954 


CONTENTS 


A-7  ALOFT  Demonstration  .  3 

Introduction  .  3 

Conclusions  .  4 

Background  . . 4 

Scope  of  A-7  ALOFT  Program  .  11 

A-7  ALOFT  System  Technical  Description  .  13 

Signal  Interfaces  .  13 

ALOFT  Modification  Installation  .  17 

Background  . 17 

Equipment  Installation  .  17 

ALOFT  Program  .  19 

Flight  Test  Plan  .  19 

Ground  and  Flight  Tests  .  20 

Tests  of  Electromagnetic  Interference,  Lightning, 

and  Reliability  and  Maintainability  .  23 

EMI  Test  Strategy  .  23 

Simulated  Lightning  Test  Strategy  .  24 

Reliability  and  Maintainability  Evaluation  .  26 

Data  Reduction  Programs  and  Aircraft  Range  .  28 

Programs  . 28 

Aircraft  Range  of  NWC  .  29 

Data  Analysis  .  . .  .• .  30 

Bombing  Accuracy  (Prime  Modes)  .  30 

Bombing  Accuracy  (Non-Prime  Modes)  . .  37 

Miscellaneous  Bombing  .  38 

Guns  and  Rockets  .  42 

Navigational  Update  .  42 

Wind  Correction  . .  51 

Results  and  Comments  .  54 

Appendixes : 

A.  Detailed  Technical  Description  .  55 

B.  Detailed  Installation  Description  .  74 

C.  Test  Requirements  .  79 

D.  ALOFT  Reliability  and  Maintainability  Re.sults  .  88 

E.  Optical  System  Signal  List  . 92 

List  of  Acron3nns  .  110 


1 


NWC  TP  5954 


A-7  ALOFT  DEMONSTRATION 


INTRODUCTION 

In  January  1973,  the  Naval  Electronics  Laboratory  Center  (NELC) , 

San  Diego,  CA,  entered  into  a  contract  with  the  Federal  Systems  Division 
of  International  Business  Machines  (IBM)  Corporation  under  Contract  No. 
N00123-76-C-1665  for  the  design,  fabrication,  and  laboratory  testing  of 
a  high-speed,  multiplex  fiber  optic  data  link  to  interconnect  the  tactical 
computer  and  the  head-up  display  (HUD)  from  an  A-7  aircraft.  The  tests 
were  made  on  the  link  between  the  TC-2  tactical  computer  and  the  HUD, 
and  took  the  form  of  performance  comparisons  between  the  fiber  optic 
link  and  the  original  conventional  shielded-wire  cable,  as  well  as 
experiments  on  special  properties  of  the  fiber  optical  link.  The 
results  were  conclusive:  in  a  noise-free  (no  electromagnetic  inter- 
ference)  environment,  there  was  no  detectable  difference  in  performance  ^ 
between  the  two  types  of  Interfaces;  in  the  presence  of  an  electrical 
noise  generator,  however,  the  output  display  was  unaffected  when  the 
signal  was  received  via  the  optical  channel,  but  it  incurred  serious 
deterioration  when  the  shielded  wires  were  used.  These  test  results 
were  the  first  quantitative  validation  that  fiber  optics  were  definitely 
Immune  to  radio  frequency  interference  (RFI) ,  and  electromagnetic  inter¬ 
ference  (EMI) . 

The  results  of  the  IBM  tests  were  made  known  to  program  review 
officers  in  the  Navy  Department  ^nd  the  Department  of  Defense.  It  was 
resolved  that  there  existed  a  need  to  further  investigate  fiber  optic 
data  transmission  in  the  form  of  a  major  feasibility  demonstration  to 
design  and  implement  fiber  optic  links  at  a  full-scale  system  level  for 
test  and  evaluation.  At  this  time,  NELC  proposed  to  the  Commander, 

Naval  Air  Systems  Command  (NAVAIR)  a  2-year  program  to  install  fiber 
optics  in  place  of  standard  twisted-pair  and  coaxial  cabling  in  the 
navigation  and  weapons  delivery  system  (NWDS)  of  an  A-7  aircraft  to 
make  demonstration  and  evaluation  tests. 

The  proposal  culminated  in  approval  by  the  Assistant  Secretary  of 
the  Navy  for  Research  and  Development  for  the  implementation  of  the 
A-7  airborne  light  optical  fiber  technology  (ALOFT)  demonstration.  This 
project  was  funded  in  March  1974  under  AirTask  A360360G/003C/4W4 1X1-001. 
NELC  was  designated  to  assume  lead  responsibility  of  the  fiber  optic 
development  program. 


NELC  consolidated  plans  and  objectives  into  a  formalized  development 
approach.  The  project  was  to  consist  of  a  2-year  program  of  which  the 
major  project  phases  are  listed  below: 


A  6-month  system  analysis  and  design  effort  to  design  the 
system  and  to  provide  a  system  installation  plan. 
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2.  A  6-month  contractual  effort  to  fabricate  and  check  out  the 
demonstration  system  in  the  contractor's  laboratory. 

3.  A  3-month  test  and  evaluation  program  of  the  demonstration 
system  while  installed  in  an  A-7  ground  simulator. 

4.  An  8-month  test  and  evaluation  phase  of  the  demonstration  system 
including  aircraft  modification,  ground  check,  and  flight  tests  of  an 
A-7  test  aircraft  with  the  ALOFT  system  installed. 

5.  An  economic  analysis  to  analyze  the  comparative  cost  and 
performance  benefits  of  the  fiber  optic  system  versus  a  wire  interface 
system. 


CONCLUSIONS 

This  report  is  concerned  primarily  with  the  third  and  fourth  items 
listed  above,  which  led  to  the  following  conclusions  summarized  here 
(and  in  greater  detail  in  the  Results  and  Comments  section  on  p.  53). 

The  flight  testing  and  evaluation  of  a  fiber  optics  system  was  the 
first  demonstration  of  the  feasibility  of  using  fiber  optics  in  a  full 
system  application  in  an  operational  environment,  in  which  fiber  optic 
performed  as  well  as  a  well-groomed  fleet  aircraft. 

Normal  aircraft  moding  was  unaffectecj^by  the  hardware  and  software 
modifications  required  in  the  aircraft,  or  by  the  use  of  fiber  optics. 

No  adverse  effects  resulted  from  transmission  of  data  by  fiber 
optics  for  navigational  update,  backup  mode  bombing,  bombing  in  sticks 
with  various  weapons,  or  firing  guns  and  rockets. 

BACKGROUND 

In  order  to  appreciate  the  scope  of  the  project,  it  is  necessary  to 
examine  both  the  fiber  optics  technology  and  the  subsystems  of  the  air¬ 
craft  to  which  it  was  applied. 

Fiber  Optics  Technology 

The  significant  improvement  of  the  electronic  component  technology 
in  the  last  10  years  has  fostered  the  fabrication  of  both  more  compact 
and  more  complex  electronic  systems.  The  applicability  of  this  elec¬ 
tronics  product  development  capability  was  Immediately  recognized  by  the 
military  consumer  and  prompted  a  demand  for  many  highly  complex  computer- 
oriented  systems.  The  Improved  performance  provided  by  these  new  systems 
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is  characterized  by  an  increase  in  the  data  processing  rates  and  in  the 
quantity  of  data  transmitted.  The  A-7E  light  attack  aircraft  is  an 
early  example  of  such  a  system.  During  the  A-7E  program  development  it 
was  obvious  that,  because  of  system  complexity  and  data  rate  require- 
.  ments,  improvements  in  system  interfacing  techniques  would  be  required. 

Within  the  A-7E  program,  the  constraints  of  wire  data  transmission  lines 
were  considered.  Based  on  the  operational  capability  of  copper  wire  in 
the  complex  electronic  system's  electromagnetic  environment,  the  inter¬ 
faces  that  evolved  were  a  differentially  driven  coaxial  cable  trans¬ 
mission  line  operating  at  a  rate  of  1  MHz  and  a  twisted  shielded  pair 
operating  at  50  kHz. 

It  is  easy  to  project  higher  data  transmission  rates  with  the  con¬ 
tinuing  growth  of  these  complex  systems  and  along  with  this  increased 
proliferation  of  electronics,  it  will  be  necessary  to  contend  with  a 
more  stringent  electromagnetic  environment.  Additionally,  the  require¬ 
ments  of  the  environments  of  signal  radiation  due  to  nuclear  weapons 
must  be  considered. 

The  study  conducted  by  IBM  concluded  that  using  fiber  optics  for 
data  transmission  solved  the  problems  of  bandwidth  limitations,  EMI, 

I  signal  radiation,  and  electromagnetic  pulse  (EMP) . 

Engineers  at  NELC  summarized  the  important  properties  of  fiber  optic 

waveguides  for  the  transfer  of  military  information  as  follows: 

s 

1.  Cross  talk  immunity  between  fibers  and  fiber  cables. 

2.  Security  from  signal  leakage  and  tap-in  attempts. 

3.  No  electrical  grounding  problems. 

4.  No  dynamic  loading,  allowing  connect/disconnect  with  system 
power  on. 

5.  No  short  circuits  which  could  damage  terminal  equipment. 

6.  Large  bandwidth  for  size  and  weight.  The  increase  in  bandwidth, 
coupled  with  cross  talk/noise  immunity,  makes  multiplexing 

at  high  data  rates  possible. 

7.  Small  size,  lightweight  (glass  is  one-sixth  the  weight  of 
copper),  and  flexibility;  thus,  ease  of  installation. 

8.  Potential  low  cost.  The  strategic  availability  and  high  cost 

^  of  copper  as  compared  to  glass  will  play  a  future  role. 

9.  High  temperature  tolerance  (500  to  1,000‘’C). 
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10.  Safety  In  combustible  areas  and  hazardous  cargo  areas 
(i.e.,  ammunition  and  fuel  storage  areas). 

11.  EMP  Immunity. 

12.  RF/EMI  noise  immunity. 

The  basic  purpose  of  a  data  communications  system  is  to  transfer 
information.  In  a  copper  wire  system  it  is  the  electron  that  carries 
the  data;  in  a  fiber  optic  system,  ip  is  the  photon.  The  photon  is  not 
affected  by  electromagnetic  fields;  thus,  the  fiber  optic  cable  has 
complete  electromagnetic  compatibility.  The  physics  of  basic  electrical 
theory  requires  that  copper  conductors  have  a  return  in  order  to  complete 
the  circuit.  The  photon  in  a  fiber  optic  travels  down  the  fiber  in 
waveform  and  there  is  no  requirement  for  a  return  path,  thus  achieving 
ground  reference  level  Isolation. 

A  fiber  optic  system  is  composed  of  a  light  source,  a  medium  for 
the  light  to  travel  through,  and  a  light  detector.  Figure  1  illustrates 
a  typical  fiber  optical  data  transfer  system. 


FIBER  OPTIC 


CONNECTOR  — 

INTERFACE 

LIGHT  SOURCE  SUBASSEMBLY  SINK  SUBASSEMBLY 

LEO  PHOTODIODE 

FIGURE  1.  Components  in  a  Fiber  Optic  Data  Transfer  System. 


To  convert  from  electrical  to  optical  signals,  a  typical  optic 
system  uses  a  light-emitting  diode  (LED) ,  which  emits  light  in  the 
near  infrared  region  of  the  spectrum. 

Glass  or  plastic  fibers  are  utilized  to  transfer  the  light  energy 
from  the  LED  to  a  receiver  device.  Usually  these  fibers  are  contained 
in  a  bundle  in  order  to  provide  a  sufficient  amount  of  light  even  if 
some  of  the  individual  fibers  are  broken  or  damaged. 
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To  convert  the  optical  signal  back  to  electrical,  a  solid-state 
device  called  a  photodiode  is  used.  The  typical  photodiode  detects 
light  in  the  range  from  the  visible  through  the  near  infrared. 

Since  most  optical  systems  contain  a  number  of  subsystem  elements, 
an  optical  connector  must  also  become  part  of  the  system  and  serve  to 
transfer  the  photons  from  one  fiber  group  to  another. 

The  following  discussion  of  attenuation  and  modulation  is  necessary 
for  a  greater  understanding  of  multiplexed  fiber  optic  systems. 

Light  is  attenuated  as  it  moves  down  an  optical  fiber.  Light  is 
lost  both  to  absorption  and  to  scattering  in  the  fiber.  The  absorption 
is  determined  primarily  by  the  bulk  of  the  glass  from  which  the  fiber 
is  made.  Radiation  losses  can  also  occur  because  of  bends  in  the  fiber, 
but  losses  are  not  significant  unless  bends  are  below  a  minimum  bending 
radius . 

Light,  as  a  carrier  signal,  from  a  source  such  as  an  LED  must  be 
modulated  in  order  to  carry  data.  Digital  transmission  is  the  easiest 
modulation  mode  to  implement  with  otpics.  This  results  from  the 
approximate  linearity  of  LEDs  in  which  the  light  output  varies  directly 
with  the  drive  current.  The  digital  signal  can  be  connected  to  the 
LED's  input  port  through  a  driver  circuit  or  by  digitally  controlling 
the  bias  current  to  the  LED.  This  technique  causes  a  logic  1  input  to 
give  a  logic  1  light  output.  When  using  LEDs  with  fiber  optics,  modula¬ 
tion  rates  up  to  200  MHz  are  possible  for  a  300-meter  length  at  a  loss 
factor  of  50  dB/km.  As  future  electronic  systems  evolve,  greater  speeds 
and  larger  memories  will  be  included  in  the  design.  In  order  to  inter¬ 
face  these  new  systems,  a  faster,  more  efficient  data  transfer  method 
must  be  available.  Fiber  optics  is  the  most  likely  such  candidate  on 
the  horizon  because  of  its  wide  bandwidth.  The  only  limiting  factor 
at  the  present  time  is  the  LED  technology. 

A  basic  data  transmission  method  easily  applicable  to  fiber  optics 
is  multiplexing,  a  well-known  technique  that  provides  efficient  use  of 
a  transmission  medium.  A  large  number  of  single-strand  wires  may  be 
replaced  by  a  single  twisted  pair  for  transmitting  information  or, 
similarly,  a  single  fiber  optic  cable  may  replace  many  single-strand 
wires  or  single-strand  fiber  cables.  In  short,  multiplexing  is  the 
process  of  combining  several  information  channels  and  transmitting  them 
over  a  single  communications  link. 

The  optimum  multiplexing  approach  is  known  as  "data  bus"  in  which 
a  central  control  computer  addresses  in  turn  each  of  the  several  remote 
units  on  a  programmed  basis  in  the  time  division  multiplex  (TDM)  approach 
or,  by  addressing  remote  units  individually,  by  suitable  filtering  in 
frequency  division  multiplexing  (FDM) .  Figure  2  illustrates  these  two 
popular  multiplexing  methodologies.  Figure  3  illustrates  typical  air¬ 
craft  data  bus  architecture. 
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(a)  Time  division  multiplexing. 


(b)  Frequency  division  multiplexing. 


FIGURE  2.  Multiplexing  Methods. 
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FIGURE  3.  Typical  Data  Bus  Architecture. 
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A-7E  Light  Attack  Aircraft 

The  A-7E  aircraft  is  a  highly  sophisticated  attack  aircraft  capable 
of  precision  navigation  and  weapon  delivery  while  operating  in  a  hostile 
environment.  Equipped  with  advanced  sensors  and  computing  devices,  the 
A-7E  represents  a  major  deterrent  force  of  the  modem  United  States  Navy 

The  NWDS  is  the  unique  factor  that  makes  the  A-7E  an  advanced 
weapon  in  the  Fleet's  arsenal.  The  NWDS  performs  vital  computations 
for  increased  delivery  accuracy  and  for  maneuvering  freedom  through  the 
following  phases:  navigation  to  the  target  area,  attack,  weapon  release 
pullup,  and  a  safe  return  to  base.  The  NWDS  provides  the  pilot  with  a 
number  of  options  during  navigation  and  weapons  delivery  and  relieves 
him  of  much  of  his  work  load. 

The  intent  of  this  presentation  of  the  A-7  system  is  not  to  provide 
a  detailed  analysis  of  the  system  components,  but  merely  to  offer  the 
reader  a  background  of  the  unique  capabilities  inherent  in  the  A-7, 
thereby  making  this  presentation  of  the  ALOFT  goals  more  meaningful. 
Figure  4  depicts  the  location  of  the  following  seven  avionics  subsystems 
on  an  A-7  aircraft. 


TACTICAL 

COMPUTER 

HUD  ELECTRONICS 


IMS  PANEL 


DOPPLER  ANTENNA 


OOPPLER  PANEL 


FIGURE  4.  Orientation  of  Avionics  Components. 
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1.  The  TC-2  Tactical  Computer,  AN/ASN-91(V)  (navigation/weapon 
delivery  computer  (NWDC) ,  is  the  primary  element  in  the  accuracy  of  the 
weapon  delivery  and  navigation  functions  of  the  A-7.  The  NWDC  communi¬ 
cates  continuously  with  the  basic  avionic  sensor  systems  of  the  aircraft. 
From  this  communication,  it  computes  and  displays  present  positions. 

The  computer  continually  uses  both  computed  and  stored  data  to  calculate 
navigation  and  weapons  delivery  solutions.  It  also  monitors  the  relia¬ 
bility  of  data  inputs  and  outputs  from  itself  and  from  other  avionic 
sensors  throughout  the  aircraft.  The  computer  has  an  integrated  naviga¬ 
tion  and  weapon  delivery  control  panel  (NAV  panel)  through  which  the 
pilot  can  "talk"  with  the  computer  by  means  of  a  keyboard.  By  this 
interface  the  pilot  can,  after  initial* entry  of  present  location:  enter 
nine  pairs  of  coordinates  as  targets  or  destinations;  accept  and  store 
the  coordinates  of  nine  more  points  of  interest  (possible  targets)  as 
he  flies  over  them;  and  perform  "flyover  updates"  where  the  computer 
will  automatically  display  any  difference  between  computed  and  actual 
present  position.  The  pilot  can  then  accept  the  correct  position  via 
the  keyboard. 

If  a  prime  avionics  sensor  or  system  being  monitored  by  the  NWDS 
computer  falls,  the  computer  can  cause  the  system  to  automatically  revert 
to  a  backup  mode,  thus  assuring  the  best  available  solutions  to  navigation 
or  weapon  delivery.  The  computer  translates  sensor  inputs  into  fly-to- 
guidance  commands  on  the  HUD  allowing  the  pilot  to  navigate  with  great 
ease  and  accuracy  over  considerable  distance.  In  the  target  area  the 
computer:  issues  HUD  steering  signals  for  guidance  to  the  proper  release 
point;  continuously  computes  weapon  trajectory  (using  stored  ballistic 
information) ;  and  issues  the  weapon  release  signal  for  optimum  release 
of  the  selected  weapon. 

2.  The  Inertial  Measurement  Set  (IMS),  AN/ASN-90(V) ,  is  the  basic 
three-axis  reference  system  for  navigation  and  weapons  delivery  functions. 
The  purpose  of  this  unit  is  to  sense  rotations  in  the  aircraft  roll, 
pitch,  and  heading  axes,  and  velocity  changes  in  the  north,  east,  and 
vertical  directions.  This  unit  is  under  tactical  computer  control  and 

is  capable  of  being  positioned  to  true  north  and  leveled  to  extreme 
accuracy  on  the  ground  or  in  flight.  During  flight,  the  computer 
constantly  compares  signals  received  from  the  IMS  unit  and  those 
received  from  the  doppler  radar.  From  these  inputs,  the  computer  then 
computes  the  proper  torqulng  signals  required  to  maintain  the  Inertial 
platform  properly  oriented  with  respect  to  the  earth.  The  IMS  system 
has  two  backup  modes  in  case  the  computer  is  unreliable;  if  the  IMS 
tests  are  unreliable,  the  navigation  system  will  automatically  assume 
a  doppler  radar/air  mass  dead-reckoning  mode. 

3.  The  Doppler  Radar  System,  AN/APN-190(V) ,  uses  the  doppler  effect 
to  continuously  measure  ground  speed  and  drift  angle  with  a  high  degree 
of  accuracy  and  with  complete  Independence  of  ground  navigation  aids. 
Information  from  a  pitch-  and  roll-stabilized  antenna  is  provided  in 
analog  form  to  the  cockpit  doppler  panel  for  display  of  ground  speed  in 
knots  and  drift  angle  in  degrees. 
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4.  The  Forward-Looking  Radar  (FLR),  AN/APQ-126(V) ,  provides  the 
pilot  with  10  modes  of  operation:  (1)  air-to-ground  ranging  (AGR)  , 

(2)  terrain  following,  (3)  terrain  avoidance,  (4)  ground  mapping  (shaped 
beam),  (5)  ground  mapping  (pencil  beam),  (6)  beacon,  (7)  cross-scan  ter¬ 
rain  avoidance,  (8)  cross-scan  ground  map,  (9)  TV,  and  (10)  Shrike 
improved  display  system  (SIDS). 

5.  The  Head-Up  Display  (HUD),  AN/AVQ-7(V),  is  an  electro/optic 
(E/0)  instrument  that  presents,  in  symbolic  form,  essential  aircraft 
performance  information,  and  attack,  navigation,  or  landing  guidance 
on  a  single  display.  Computed  attack,  navigation,  and  landing  data 
are  presented  to  the  pilot  by  means  of  a  combiner  glass  positioned  in 
front  of  the  pilot.  With  the  HUD,  the  pilot  has  most  of  the  flight 
information  right  before  his  eyes  while  he  also  looks  at  the  real  world 
scene  outside  the  aircraft. 

6.  The  Armament  Station  Control  Unit  (ASCU)  is  the  primary  unit 
in  the  Integration  and  control  of  the  weapon  release  system.  The  ASCU 
accomplishes  the  following  functions:  arms  and  releases  weapons,  fires 
and  controls  the  fuselage  gun,  and  furnishes  the  tactical  computer  with 
store-type  Information. 

7.  The  Projected  Map  Display  Set  (PMDS)  is  a  navigational  aid 
employing  full  color  projection  of  standard  aeronautical  charts  repro¬ 
duced  on  35-nim  film  and  stored  in  the  unit.  The  PMDS  provides  a 
continuous  display  of  the  aircraft's  geographical  position.  In  response 
to  the  computer,  the  PMDS  moves  the  film  to  keep  the  aircraft's  present 
position  updated  on  the  map. 

The  integration  of  the  six  subsystems  with  a  sophisticated  computer 
allows  the  pilot  to  attack  from  any  direction,  altitude,  and  at  any 
speed,  knowing  that  evasive  action  will  not  degrade  the  accuracy  of  the 
weapon  delivery.  Added  to  the  aircraft's  stability,  large  load  capa¬ 
bility,  and  rapid  response  time,  the  NWDS  of  the  A-7  yields  accuracy 
and  flexibility  never  before  attainable  in  a  single-seat  attack  aircraft. 


SCOPE  OF  A-7  ALOFT  PROGRAM 

In  brief,  the  A-7  ALOFT  project  consisted  of  an  extended  ground- 
and  flight-test  demonstration  of  an  A-7  NWDS  in  which  the  signal  wiring 
was  replaced  with  fiber  optic  data  cable  between  the  tactical  computer 
and  selected  flight  sensors  and  avionic  systems.  One  hundred  fifteen 
shielded,  tv/isted-pair  wires  which  interconnect  the  ASN-91(V)  TC-2 
tactical  computer  and  nine  remote  avionic  sensor  systems  were  replaced 
by  13  fiber  optic  cables.  This  was  accomplished  by  incorporating  time 
division  multiplexing  and  fiber  optic  interfa':e  circuits  to  interconnect 
the  NWDS  system.  Figure  5  shows  the  fiber  optic  data  link  modification 
to  the  A-7  avionics  system.  Information  transmitted  on  the  fiber  optic 
channel  is  multiplexed  and  encoded  into  non-return-to-zero  Manchester 


11 


NWC  TP  5954 


foraat .  The  encoded  data  modulates  the  current  source  for  an  LED  which 
transfortis  the  electrical  signal  into  an  optic  analog  that  is  trans¬ 
mitted  via  a  fiber  optic  cable  to  a  positive-intrinsic  negative  (PIN) 
photodiode  where  the  optic  analog  signal  is  decoded  and  demultiplexed 
into  an  electrical  signal. 

In  summation,  the  A-7  ALOFT  demonstration  utilizes  state-of-the-art 
fiber  optic  technology  to  link  a  present-day  avionic  system  of  remote 
sensors,  command  and  control  equipments,  and  peripheral  processors  to 
a  general-purpose  tactical  computer. 


WIRED  ADAPTER  CABLES 


FIGURE  5.  Fiber  Optic  Data  Link  Arrangement  of  the  Modified  A-7  Aircraft. 
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A-7  ALOFT  SYSTEM  TECHNICAL  DESCRIPTION 


The  ALOFT  system  is  made  up  of  13  fiber  optic  transmission  lines, 

12  digital  links,  and  one  analog  link,  which  replace  115  electrical 
signals  in  the  A-7.  These  signals  comprise  part  or  all  of  the  elec¬ 
trical  interface  between  the  NWDS  computer  and  18  different  electronic 
components  used  in  navigation  and  weapons  delivery  functions  aboard 
the  aircraft. 

The  system  diagram  (Figure  6)  depicts  the  total  ALOFT  system.  As 
government-furnished  equipment  (GFE) ,  an  IBM  TC-2  computer  was  assigned 
by  the  Navy  to  the  ALOFT  project.  The  TC-2  computer  was  modified  inter¬ 
nally  to  accommodate  an  E/O  adapter.  This  adapter  is  shown  in  the 
diagram  as  the  portion  enclosed  by  dashed  lines  within  the  TC-2  computer. 
It  contains  the  circuitry  necessary  to  interface  with  the  portions  of 
the  TC-2  input/output  (I/O)  being  replaced  by  the  ALOFT  system  to  perform 
the  appropriate  multiplexing  and  demultiplexing,  and  to  do  the  needed 
electrical  signal  to  optical  signal  conversion.  Space  within  the  com¬ 
puter  was  made  available  by  using  a  TC-2A  high-density  analog  converter. 
Communication  between  the  TC-2  adapter  and  the  other  five  E/O  adapters 
is  done  strictly  through  fiber  optic  cables,  represented  on  the  diagram 
by  dashed  arrows  to/from  the  TC-2  adapter. 

The  information  above  the  arrows  gives  the  type  and  quantity  of 
signals  being  transmitted  through  that  particular  cable.  In  the  case 
of  the  cockpit  adapter,  there  are  two  nonmultiplexed  channels.  One  is 
for  the  1-MHz  data  line  from  the  navigation  and  weapons  delivery  control 
panel  to  the  TC-2,  and  the  other  for  a  direct  analog  optical  link  from 
the  TC-2  to  the  attitude  direction  indicator.  The  solid  arrows,  to  and 
from  the  E/O  adapters  and  the  A-7  electronic  system  assemblies,  indicate 
the  direction  of  data  transmission  and  the  number  of  electrical  signals 
being  transmitted  and  received  by  each  adapter. 


SIGNAL  INTERFACES 

Appendix  A  contains  a  more  detailed  description  of  the  signal 
interfaces  in  the  ALOFT  system,  including  an  explanation  of  the 
multiplexing  schemes,  Manchester  encoding,  and  the  E/O  circuits. 

In  designing  the  electrical  interfaces  for  the  ALOFT  system,  care 
was  taken  to  maintain  the  adapter-to-electronic-assembly  interfaces 
identical  to  the  previous  computer  interface.  The  adapter  Inputs  and 
outputs  have  the  same  electrical  characteristics,  impedance,  threshold, 
etc.,  as  those  in  the  original  Fleet  system. 
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The  ALOFT  system  interfaces  with  the  following  signal  types : 

1-MHz  digital  signals 

50-kHz  digital  signals 

Digital  pulse  trains 

Digital  discretes,  +5  and  +28  VDC 

Switch  closure  signals 

Analog  signals  (two  ±4  VDC  (Rullpup)  and  one  ±2  VDC  attitude 
direction  indicator  (ADI)). 

(Table  E-1*  (p.  93)  lists  signals,  formerly  transmitted  by  wires  that, 
in  the  ALOFT  system  are  transmitted  through  the  fiber  optic  cable  to 
each  adapter.  Table  E-2*  (p.  102)  repeats  those  signals  of  Table  E-1 
that  are  multiplexed  and  gives  their  adapter  designation  and  pin  numbers : 
signal  name  and  type,  computer  I/O  pin  designations,  driver  or  receiver 
circuit  type,  adapter  I/O  pin  designations,  and  A-7  electronic  assembly 
pin  designations.) 

In  order  to  facilitate  the  testing  and  maintenance  of  the  ALOFT 
computer  (with  the  TC-2A  signal  converter)  using  existing  test  facilities, 
the  computer  was  designed  with  a  convertible  feature.  This  consists 
of  the  configuration  capability  of  ALOFT/COPPER,  which  is  a  conventional 
wire  mode  data  interface,  and  ALOFT/FIBER  OPTICS,  which  is  a  fiber  optic 
data  interface.  When  the  computer  is  in  its  "wired  mode"  configuration, 
it  presents  the  same  I/O  to  the  aircraft  avionics  as  it  did  prior  to 
modifications . 

The  conversion  from  COI'PER  to  FIBER  OPTICS  provides  the  means  to 
establish  a  reference  for  the  performance  of  the  ALOFT  fiber  optic 
hardware . 

Figure  7  shows  an  exploded  view  of  the  ALOFT  computer. 


*See  Appendix  E. 
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ALOFT  MODIFICATION  INSTALLATION 


BACKGROUND 

Prior  to  describing  the  modification  effort  on  the  A-7  aircraft, 
some  of  the  reasons  for  selecting  the  A-7  as  the  test  aircraft  are 
discussed. 

The  primary  reason  the  test  role  was  assigned  to  the  A-7  aircraft 
is  the  fact  that  the  A-7  has  an  avionics  system  that  is  compatible  with 
the  test  objectives  of  the  ALOFT  program.  Access  to  all  areas  concerned 
with  the  Installation  of  the  ALOFT  equipments  is  available  on  the  A-7, 
and  several  A-7  simulators  are  available  for  accomplishing  the  prevalida¬ 
tion  Integration  and  installation  phase  of  the  ALOFT  program. 


EQUIPMENT  INSTALLATION 

In  order  to  integrate  the  ALOFT  system  into  the  A-7  aircraft,  changes 
to  the  aircraft  structure  and  wiring  were  required.  To  minimize  these 
changes,  some  ALOFT  cables  were  made  longer  than  the  wiring  harnesses 
they  were  to  replace.  This  alLows  existing  accesses  to  be  used,  markedly 
reducing  the  number  of  structural  changes  required.  In  order  to  eliminate 
the  need  for  splicing  and  to  facilitate  the  use  of  existing  connectors, 

' T"  cables  were  used  as  an  integral  part  of  the  design  logic. 

Vought  Systems  Division  of  the  Vought  Corp.,  Dallas,  TX,  under 
contract  to  the  NELC,  designed  the  installation  plan.  This  effort 
included  environmental  analysis,  wiring,  and  mechanical  design.  The 
hardware  necessary  to  perform  the  modification  was  supplied  to  the  Naval 
Weapons  Center  (NWC) ,  China  Lake,  CA,  by  LTV/NELC  in  the  form  of  an 
installation  kit.  Installation  of  the  fiber  optic  components  was  the 
responsibility  of  IBK/NELC. 

The  ALOFT  modification  was  installed  in  A-7C  aircraft,  BuNo.  156782. 
The  modification  required  sheet  metal  work  in  three  areas:  (1)  drilling 
a  hole  in  the  bulkhead  between  the  liquid  oxygen  compartment  and  the 
left  avionics  compartment,  (2)  the  installation  of  a  pressurized  bulkhead 
fitting  with  six  feedthroughs  in  the  cockpit  section,  and  (3)  the  mounting 
of  five  ALOFT  adapters  in  the  left  and  right  avionics  equipment  compart¬ 
ments,  in  the  sweep  generator  compartment,  and  in  the  cockpit.  Figure  8 
is  a  photograph  of  the  ALOFT  computer  and  peripheral  E/0  adapters. 

Appendix  B  gives  a  detailed  installation  description. 
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six  wiring  harnesses  were  Installed,  one  In  each  of  Che  compartments 
mentioned  above,  to  connect  Che  area  adapters  to  Che  avionic  components 
In  those  areas.  Figure  9  shows  the  relative  location  of  Che  area  adapters. 


FIBER  OPTIC  ADAPTER.  COCKPIT  AREA,  RIGHT-HAND  INSTRUMENT  CONSOLE 


FIBER  OPTIC  ADAPTER.  FORWARD-LOOKING  RADAR,  LEFT  FORWARD 
MID-EQUIPMENT  COMPARTMENT 


FIBER  OPTIC  ADAPTER,  LEFT  AVIONICS  COMPARTMENT,  FUSELAGE  STATION  358 
FIBER  OPTIC  ADAPTER.  RIGHT  AVIONICS  COMPARTMENT,  FUSELAGE  STATION  371 
FIBER  OPTIC  ADAPTER,  ARMAMENT  STATION  CONTROL  UNIT,  LEFT  AVIONICS 


COMPARTMENT 

FIBER  OPTIC  INSTRUMENTATION  PACKAGE.  RIGHT  AVIONICS  COMPARTMENT 


FIGURE  9.  Location  of  Area  Adapters. 
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ALOFT  PROGRAM 


In  the  conduct  of  the  ALOFT  Program,  NELC  was  the  lead  activity, 
directing  the  work  portions  being  done  by  IBM;  LTV;  Naval  Air  Test  Center 
(NATC) ,  Patuxent  River;  and  NWC.  The  major  assignment  to  NWC  was  to 
conduct  the  demonstration  flights  of  ALOFT/FIBER  OPTICS.  Before  demon¬ 
stration  flights  could  be  made,  other  preparatory  tasks  (also  assigned 
to  NWC)  involved  modification  tests  'of  the  operational  flight  program/ 
operational  test  program  (OFP/OTP) ,  modification  of  computing,  and  cabling 
an  A-7C  aircraft  in  such  a  way  and  on  such  a  schedule  that  it  could  be 
flight-tested  in  three  configurations.  These  tasks  and  the  plans  for 
carrying  them  out  are  contained  in  the  flight  test  plan  prepared  by  and 
implemented  at  NWC  in  cooperation  with  all  the  participants.  Detailed 
requirements  are  also  contained  in  Appendix  C  (tables  are  referenced 
simply  by  number  both  in  the  discussions  of  the  flight  test  plans  and  of 
the  ground  and  flight  tests) . 


FLIGHT  TEST  PLAN 

The  three-phase  plan  is  stated  in  detail  in  the  A-7  ALOFT  Demonstra¬ 
tion  Flight  Test  Plan^  whose  major  provisions  are  summarized  here. 

Phase  I,  Predemonstration  Validation 


The  predemonstration  validation  is  the  primary  method  of  determining 
the  integrity  of  the  aircraft  system  in  the  FLEET  configuration  before  the 
modification  and  the  baseline  tests.  After  the  ALOFT  modification,  this 
validation,  except  for  boresighting,  was  repeated  and  a  cursory  validation 
made  before  the  ALOFT/COPPER  baseline  tests.  One  test  was  repeated  before 
the  ALOFT/FIBER  OPTICS  baseline  test.  Table  C-1  is  a  summary  chart  that 
shows  the  validations  required  for  each  configuration  and  indicates 
whether  they  are  to  be  done  in  the  laboratory  or  in  the  aircraft. 

Phase  II,  Baseline  Flights 


Before  any  modifications  were  made,  10  baseline  flights  were  flown 
in  the  FLEET  configuration  of  the  aircraft.  Then,  after  the  modification 


^  Naval  Weapons  Center.  A-7  ALOFT  Demonstration  Flight  Test  Plan,  by  R.  R.  Bruckman  and  J.  D.  Ross. 
China  Lake,  Calif.,  .JWC,  September  1975.  (NWC  TN  404-7.16.  publication  UNCLASSIFIED.) 
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and  reverification,  10  more  flights,  duplicating  the  conditions  of  the 
first  10  in  the  FLEET  configuration,  were  repeated  for  the  ALOFT/COPPER 
configuration  of  the  aircraft. 

In  both  cases,  the  first  four  flights  were  to  test  navigation 
functions  as  specified  in  Table  C-2.  These  were  followed  by  three  weapons 
delivery  flights,  each  with  multiple  passes,  as  shown  in  Table  C-3,  and 
three  minimum  release  interval  (MRI)  weapons  flights,  as  shown  in 
Table  C-4. 

Phase  III,  ALOFT  Demonstration  Flights 

At  least  10  flights,  essentially  duplicating  the  conditions  of  the 
ALOIT/COPPER  baseline  flights,  were  made  in  the  ALOFT/FIBER  OPTICS  con¬ 
figuration.  Provision  was  also  made  in  the  plan  to  include  a  gun/rocket 
flight  as  shown  in  Table  C-5  and,  if  possible,  one  flight  with  mines 
and  flares  and  two  environmental  flights. 

Records 


Included  in  the  plan  were  directions  for  recording  data  and  for 
documenting  separately  any  failures  or  malfunctions  as  being  non-ALOFT 
as  distinguished  from  ALOFT  or  ALOFT-related.  Data  analysis  is  discussed 
in  a  later  section,  and  failures  or  malfunctions  are  discussed  in 
Appendix  D. 


GROUND  AND  FLIGHT  TESTS 
Predemonstration  Validation 


The  predemonstration  validation  was  the  primary  method  of  determining 
aircraft  integrity  prior  to  performing  the  ALOFT  demonstration.  This 
validation  included  various  checks  to  demonstrate  that  the  aircraft  could 
properly  and  safely  fly.  It  consisted  of  a  cursory  validation,  selected 
ground  checks,  and  a  series  of  grooming  flights  to  verify  system  integrity. 

In  this  program  the  A-7  was  configured  in  three  different  ways: 

FLEET,  where  the  A-7  is  equipped  with  a  standard  computer  utilizing  the 
current  fleet  OFP;  ALOFT/COPPER,  where  the  A-7  is  equipped  with  a  modified 
computer  and  modified  OFP;  and  ALOFT/FIBER  OPTICS  where  the  A-7  is  equipped 
with  the  aloft/copper  computer,  further  modified  to  use  fiber  optics  in 
place  of  the  wire  Interfaces  for  data  transmission. 

Details  of  the  various  checks  and  tests  accomplished  during  the 
predemonstration  validation  are  found  in  Appendix  C. 
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Baseline  Flights 


The  baseline  flights,  an  identical  series  for  each  configuration  of 
the  aircraft,  were  flown  to  establish  a  data  base  by  which  valid  comparison 
could  be  made  among  the  three  aircraft  configurations .  The  FLEET  config¬ 
uration  had  a  standard  TC-2  computer  and  standard  wiring  between  it  and 
the  avionics  subsystems.  The  other  two  configurations  had  a  TC-2  computer, 
but  with  modifications  that  included  a  TC-2A  analog-to-digital  converter. 
They  differed  from  each  other  in  that  one  configuration,  ALOFT/COPPER, 
had  copper  wire  Interconnections  with  the  avionics,  while  the  other, 
ALOFT/FIBER  OPTICS,  had  fiber  optical  cabling.  (The  ALOFT/FIBER  OPTICS 
configuration  was  flown  only  in  the  demonstration  flights.) 

Navigation  Mode  Functions.  To  evaluate  the  navigation  functions,  the 
first  four  flights  in  each  ALOFT  series  duplicated  the  conditions  pre¬ 
scribed  for  flights  id.th  the  FLEET  configuration  that  were  flown  before 
any  modifications  were  made.  Each  navigation  flight  was  over  a  predeter¬ 
mined  route  with  good  visual  and  update  points  on  B-Range,  NWC.  Each 
flight  was  approximately  2.5  hours  in  duration  and  each  made  wind  and 
doppler  checks  at  predetermined  intervals  in  the  various  alignment  and 
mode  conditions  shown  in  Table  C-2.  Data  were  taken  by  the  flight 
recorder  including:  (1)  navigation  velocities  and  attitudes,  and  (2) 
present  position  error  computed  in  arc  seconds  by  a  flyover  update  in 
which  the  computed  error  was  compared  to  known  coordinates  to  check  the 
accuracy  of  the  sensors  in  the  particular  mode  being  flown.  In  the 
prime  navigation  mode,  the  following  combinations  of  updating  and  ranging 
used  were:  (1)  HUD  with  FLR,  barometric  altimeter  (BARO) ,  and  radar 
altimeter  (RAD  ALT);  and  (2)  radar  with  BARO  and  RAD  ALT.  Wind  data  were 
taken  on  each  flight  by  flying  a  box  pattern  at  '^onstant  altitude,  and 
recording  wind  velocity  and  bearing  at  each  cardinal  heading. 

Weapons  Delivery.  Seven  flights,  each  with  multiple  passes,  were 
flown  as  shown  in  the  matrices  of  Tables  C-3  and  C-4.  Their  results  are 
included  in  the  Data  Analysis  section. 

Minimum  Release  Interval  (MRI)  Flights .  In  addition  to  the  conven¬ 
tional  weapons  delivery  flights,  MRI  evaluation  flights  were  made  to  test 
the  accuracy  of  the  computations  and  the  raoding  of  the  MRI  equations . 

The  flights  were  structured  to  test  each  MRI  class  for  accuracy  of  the 
MRI  computations  at  different  values  of  normal  acceleration.  The  moding 
was  checked  to  verify  that  the  OFP  selected  the  proper  MRI  class  according 
to  the  armament  station  control  unit  (ASCU)  code,  the  retard  switch  for 
pilot  option  weapons,  the  number  of  stations  selected,  and  the  quantity 
thumbwheel  setting,  for  conditions  affecting  automatic  reversion  to  the 
Class  II  (cafe  MRI)  feature.  Table  C-4  shows  the  MRI  evaluation  flights 
in  the  form  of  the  MRI  weapon  flights  matrix.  The  flights  were  evaluated 
by  noting  the  interval  and  pulse  width  of  the  recorded  fire  release  pulses 
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recorded  fire  release  pulses  from  the  computer  and  comparing  this  Interval 
with  the  MRI  equation  for  the  value  of  normal  acceleration  recorded  at 
release.  The  interval  between  the  fire  release  pulses  was  programmed 
with  no  discernible  error. 

Demonstration  Flights 

The  demonstration  flights  with  the  ALOFT/FIBER  OPTICS  configured 
aircraft  were  designed  to  repeat  the  conditions  of  the  baseline  flights, 
as  nearly  as  possible,  for  the  first  10  flights  (Tables  C-3  and  C-4) . 

An  eleventh  flight  with  rockets  and  the  M-61  gun  was  added. 

The  dtta  and  their  analysis,  discussed  in  a  later  section,  were 
divided  into  six  categories  as  follows:  (1)  and  (2)  bombing  accuracy 
in  the  prime  and  in  the  backup  modes,  (3)  miscellaneous  bombing,  (4)  guns 
and  rockets,  (5)  navigational  update,  and  (6)  wind  correction. 
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TESTS  OF  ELECTROMAGNETIC  INTERFERENCE.  LIGHTNING, 
AND  RELIABILITY  AND  MAINTAINABILITY 


The  electromagnetic  interference  susceptibility  tests  were  conducted 
by  McDonnell  Aircraft  Co.  under  Contract  N00123-76-C-0324  as  an  add-on 
task.  The  objective  of  this  test  was  to  provide  a  comparison  of  the  EMI 
susceptibility  of  the  test  aircraft's  fiber  optic  modified  computer  and 
navigation  and  weapons  delivery  system  with  the  unmodified  conventional 
wire  system.  The  simulated  lightning  tests  were  performed  by  the  Electro 
Magnetic  Hazards  Group,  Vehicle  Equipment  Division,  Wright-Patterson 
Air  Force  Base,  Ohio.  The  primary  objective  of  the  test  was  to  make  a 
quantitative  determination  of  the  reduction  in  lightning  transient 
susceptibility  of  the  navigation  and  weapons  delivery  system  of  the  A-7 
aircraft  in  a  FIBER  OPTICS  configuration. 


EMI  TEST  STRATEGY 

The  EMI  susceptibility  test  on  the  aircraft  was  conducted  by  coupling 
noise  onto  the  copper  wire  (twisted  shielded  pairs)  cables  between  the 
electronics  (avionic  subsystem)  and  the  electro-optical  area  adapters. 
Because  of  the  A-7's  double  shielding,  it  was  decided  that  a  comparative 
test  would  be  to  lift  one  end  of  the  overbraid  and  connect  the  transient 
generator  between  the  shield  and  the  aircraft  structure.  The  overbraid, 
therefore,  became  the  test  wire  carrying  the  induced  noise.  This  resulted 
in  a  sufficient  amount  of  noise  being  coup.led  into  the  system  so  as  to  be 
seen  as  interference  on  the  cockpit  instruments.  The  noise  was  also 
coupled  to  the  fiber  optic  lines.  Figure  10  shows  the  general  arrangement 
of  the  test  setup. 


Results  and  Conclusions 


The  results  of  the  test  showed  that,  when  200-volt  spikes  were 
introduced  on  the  test  wire  coupled  to  the  fiber  optic  bundles,  no 
evidence  of  degraded  operation  of  the  HUD  or  PMDS  cockpit  display  was 
evident.  However,  110-volt  pulses  on  the  HUD  test  shield  adjacent  to  the 
copper  wire  resulted  in  severe  distortion  of  the  HUD  display.  The  PMDS 
display  suffered  distortion  and  interference  with  only  45-volt  spikes 
from  the  generator. 

It  was  then  concluded  that  this  test  demonstrates  the  invulnerability 
of  a  fiber  optic  data- transfer  medium  to  EMI  levels  commonly  found  in 
aircraft.  Noise  levels  that  caused  malfunctions  in  conventionally  wired 
avionics  did  not  disrupt  the  fiber  optic  system. 
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FIGURE  10.  EMI  Test  Setup  on  ALOFT  Aircraft. 


SIMULATED  LIGHTNING  TEST  STRATEGY 
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FIGURE  11.  lightning  Test  Setup. 


The  measurements  of  induced  voltage  were  made  on  specific  data 
channels  within  the  computer.  For  this  purpose,  shielded-wire  connections 
were  made  from  spare  pins  on  existing  connectors  on  the  TC-2  to  the 
various  required  circuit  points  within  the  CPU.  Seven  data  channels 
were  chosen  for  investigation;  four  transmitting  channels,  HUD,  FLR, 

PMDS,  and  NAV  PANEL;  and  three  receiving  channels,  DOPPLER,  FLR,  and 
NAV  PANEL.  All  measurements  were  made  at  the  CPU  itself  for  maximum 
generality.  The  test  was  conducted  on  the  aircraft  in  the  configurations 
and  modes  as  outlined  in  Table  1. 


TABLE  1.  Aircraft  Test  Configurations. 


Configuration 

Cabling 

Power 

Hard-wired  signal 

Fiber  optic 

A 

ON 

OFF 

ON 

B 

OFF 

OFF 

ON 

C 

OFF 

ON 

OFF 

D 

ON 

ON 

OFF 
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Results 


The  results  showed  a  300-mV  spike  inducted  through  standard  aircraft 
wiring  and  only  a  30-mV  spike  when  the  fiber  optics  were  used. 


RELIABILITY  AND  MAINTAINABILITY  EVALUATION 

The  purpose  of  reliability  and  maintainability  (R&M)  evaluation  was 
to  determine  the  quantitative  and  qualitative  R&M  characteristics  of  the 
A-7  ALOFT-modlfied  aircraft  during  operational  use  including  identifica¬ 
tion  of  those  areas  that  degrade  or  enhance  R&M.  The  data  base  expected 
from  the  flight  test  phase  would  be  relatively  small  and  technically 
Inadequate  to  establish  meaningful  quantitative  R&M  characteristics; 
therefore,  it  was  more  Important  to  obtain  qualitative  R&M. 

The  scope  of  the  R&M  evaluation  included: 

1.  Determination  of  ALOFT  component  and  system  R&M  characteristics. 

2.  Evaluation  of  the  adequacy  of  the  proposed  maintenance  concept, 
level  of  repair,  and  other  supportability  parameters  applicable 
to  the  Installation. 

3.  Evaluation  of  fault  detection  and  isolation  provisions  and 
capabilities,  including  tradeoffs  for  peculiar  ground  support 
equipment  (PGSE) ,  built-in  test  (BIT) ,  and  troubleshooting. 

4 .  Determination  of  skill  levels  and  training  requirements 
applicable  to  fleet  maintenance. 

5.  Evaluation  of  accessibility  for  visual  and  manipulative  tasks, 
Interchangeability,  safety,  weight,  and  labeling  of  assemblies 
and  components . 

6.  Determination  of  the  PGSE  or  facilities  required  to  maintain 
the  ALOFT  system. 

A  total  of  45  flights  (72.1  flight  hours)  were  accumulated  with  no 
limitations  on  system  operation.  Navigation  and  weapons  delivery  accuracy 
flights  were  conducted  to  compare  the  ALOFT  system  performance  against 
a  previously  established  baseline  performance  of  the  copper-wired  system. 
Although  flying  has  been  extended  indafinitely  to  accumulate  additional 
performance  data,  the  lack  of  additional  funding  and  timely  completion 
of  a  final  report  required  establishment  of  an  early  R&M  data  cutoff 
date. 
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DATA  REDUCTION  PROGRAMS  AND  AIRCRAFT  RANGE 


PROGRAMS 

There  are  three  UNIVAC  1108  FORTRAN  V  computer  programs  to  provide 
information  to  evaluate  the  accuracy  of  the  A-7E  weapon  delivery  system. 
These  include:  (1)  the  SCAN  program  which  prints  out  the  logical 
choices  and  the  discrete  input  and  output  words  from  the  onboard  TC-2 
tactical  computer,  (2)  the  LIST  program  which  tabulates,  in  engineering 
units,  the  parameters  utilized  in  the  computer,  and  (3)  the  CORRELATION 
program  which  makes  a  comparison  of  these  parameters  with  aircraft 
flight  parameters  obtained  from  Askania  cameras  or  radar. 

A  pulse  code  modulated  (PCM)  tape  is  written  by  the  onboard  data 
recorder  which  is  wired  to  the  aircraft  tactical  computer.  This  tape 
is  digitized  by  NODAC,  and  a  FORTRAN  tape  is  written  that  is  used  in 
the  SCAN  and  LIST  programs. 

SCAN  and  LIST  Programs 


The  SCAN  program  enables  the  analyst  to  make  judgments  as  to  the 
various  phases  of  the  equipment  that  were  in  operation  during  the  pass 
and  to  determine  the  portion  of  the  pass  that  is  to  be  examined.  The 
state  of  the  logical  and  discrete  words  are  printed  out  at  the  beginning 
of  each  pass.  When  one  of  these  states  changes,  it  is  printed  out  along 
with  the  time  of  its  occurrence.  The  LIST  program  prints  out  parameters 
in  the  order  they  are  requested.  The  data  can  be  printed  at  various 
time  intervals  with  different  sampling  rates  during  a  pass. 


CORRELATION  Program 


The  CORRELATION  program  compares  the  data  utilized  in  the  onboard 
tactical  computer  with  measurements  made  on  the  range.  The  aircraft's 
position,  velocity,  azimuth,  and  flight  path  angles  can  be  determined 
from  this  comparison.  Using  atmospheric  data,  the  program  can  further 
refine  the  data  by  adding  wind  and  pressure  information.  From  these 
data,  the  mean  error,  standard  deviation,  and  root  mean  square  of  the 
differences  are  computed.  The  output  of  this  program  consists  of 
smoothed  range  data  and  delta  values. 
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AIRCRAFT  RANGE  OF  NWC 

The  aircraft  ranges  of  the  Naval  Weapons  Center  are  field  labora¬ 
tories  for  the  development  and  testing  of  weapons  and  weapon  systems. 
Weapon  systems  and  associated  ordnance  are  tested  here  to  verify  basic 
concepts,  to  prove  the  accuracy  of  development  and  production  techniques, 
and  to  demonstrate  effectiveness,  operation,  and  reliability. 

B-Range 

Most  of  the  A-7  ALOFT  flights  were  flown  against  the  large  variety 
of  targets  and  target  areas  available  at  B-Range.  The  use  and  selection 
of  a  target  is  directly  related  to  the  data  or  information  desired. 
Scoring  of  impacts  with  respect  to  the  targets  is  accomplished  by 
triangulation  from  spotting  towers  that  are  provided  for  the  most 
used  targets. 

An  Askania  cinetheodolite  was  used  as  the  primary  high-accuracy 
data  source.  In  addition  to  the  photographic  data-recording  instru¬ 
mentation,  B-Range  utilized  three  types  of  radar  svstems  for  flight 
control  and  data  gathering.  These  radars  were  interfaced  to  a  PDP-7 
and  PDP-9  digital  computer  for  real-time  data  readouts  of  azimuth, 
elevation,  range,  time,  and  velocity,  on  a  line  printer  at  the  rate  of 
10  lines  per  second.  All  data  gathered  at  the  range  were  then  reduced 
and  analyzed  to  measure  the  accuracy  of  the  weapon  or  weapon  system.  ' 
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DATA  ANALYSIS 


In  order  to  determine  whether  the  installation  of  the  ALOFT  fiber 
optics  degraded  the  aircraft  system  performance,  it  was  essential  to 
isolate  the  effects  of  all  parameters  other  than  the  fiber  optics  itself. 
The  most  significant  parameters  that  could  introduce  spurious  results 
were  the  changes  in  the  computer  and  the  computer  software  instituted 
for  ALOFT.  Because  of  the  dramatic  effect  the  software  could  have  on 
results,  a  complete  set  of  experimental  flights  were  dedicated  to 
removing  any  such  effects.  Thus,  all  data  were  separated  into  three 
partitions,  FLEET,  ALOFT/COPPER,  and  ALOFT/FIBER  OPTICS. 

Other  sources  of  variability  in  the  data  included:  equipment 
degradation,  loss  of  boresight,  pilot-to-pilot  variability,  aircraft-to- 
aircraft  variability,  measurement  error,  and  tactics/raodes  of  operation. 
Particular  attention  was  paid  to  avoiding  any  such  variation  from  con¬ 
taminating  the  data. 

In  order  for  this  report  to  be  unclassified,  it  was  necessary  to 
normalize  the  data  gathered  during  the  bombing  and  navigation  flights. 
This  was  accomplished  by  presenting  the  mean,  median,  and  standard 
deviations  scaled  to  X,  where  X  is  the  accepted  specified  accuracy  of 
the  A-7  aircraft. 

For  purposes  of  discussion  the  data  and  analyses  were  divided  into 
six  categories  and  treated  in  the  order  listed  as  follows:  bombing 
accuracy  (prime  modes),  bombing  accuracy  (backup  modes),  miscellaneous 
bombing,  guns  and  rockets,  navigational  update,  and  wind  correction. 


BOMBING  ACCURACY  (PRIME  MODES) 
Data 


Considerable  bomb  drop  data  were  taken  in  various  bombing  modes 
to  verify  that  the  weapon  system  accuracy  was  unaffected  by  ALOFT  fiber 
optics  and  that  all  bombing  modes  could  be  selected  as  in  a  fleet- 
configured  aircraft.  The  principal  source  of  data  on  bombing  accuracy 
comes  from  tests  of  four  prime  bombing  tactics  (normal  attack  with  FLR 
or  BARO  ranging  and  straight-pass  or  dive-toss  deliveries).  Although 
BARO  might  not  be  an  accurate  bombing  mode  in  actual  fleet  bombing,  the 
carefully  controlled  conditions  at  NWC  made  BARO  bombing,  in  general, 
equal  or  superior  to  bombing  with  radar  ranging. 
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Tables  2,  3,  and  4  list  the  miss  distances  for  all  bomb  drops  done 
in  45-degree  dives  in  the  four  modes  given  above,  for  the  FLEET,  ALOFT/ 
COPPER,  and  ALOFT/FIBER  OPTICS  configurations,  respectively.  Although 
successful  drops  were  also  made  with  30-degree  dives  and  manual  ripple 
in  each  of  these  flights,  these  drops  are  not  used  in  the  bombing 
accuracy  analysis. 


TABLE  2.  FLEET  Configuration  Bombing  (Prime  Modes)5 


Ranging  Attack 


Flight 

Pilot 

Date 

Straight 

path 

Dive- 

toss 

Mean 

Median 

Std. 

dev. 

BARO 

FLR 

BARO 

FLR 

582-51-71A 

Harrel 

2/20/76 

0.29 

0.73 

0.48 

0.45 

1.15 

0.93 

1.04 

1.27 

0.79 

0.83 

0.34 

582-54-73 

Duncan 

2/23/76 

0.82 

0.85 

0.53 

0.93 

0.36 

0.51 

0.76 

0.15 

0.61 

0.65 

0.25 

582-49-69 

Fleming 

2/18/76 

0.72 

0.18 

0.58 

0.87 

0.22 

0.51 

0.58 

0.27 

Mean 

0.65 

0.61 

0.70 

0.70 

0.66 

Median , 

0.65 

0.73 

0.65 

0.69 

0.72 

Std. 

0.29 

0.22 

0.43 

0.31 

dev. 

*3  Scaled  to.  X,  the  specified  A-7  bombing  accuracy. 


Analysis 

The  means,  medians,  and  standard  deviations  presented  are  segregated 
by  pilot  and  attack  mode.  This  partitioning  of  the  data  is  intended  to 
uncover  any  variations  produced  by  these  parameters  so  that,  if  present, 
their  magnitude  can  be  estimated.  It  can  be  seen  by  examining  the  means 
and  medians  of  the  FLEET  data  (Figure  12)  that  variation  in  bombing 
results  due  to  the  four  modes  is  fairly  minimal  and  in  all  cases  signifi¬ 
cantly  less  than  the  standard  deviation.  This  means  that  a  composite 
statistical  indicator  of  the  entire  FLEET  configuration  data  is  justified, 
as  long  as  comparisons  made  using  this  indicator  are  not  closer  than 
about  O.IX  mil.  Furthermore,  any  portion  of  the  data  can  be  expected 
to  represent  the  whole  data  base,  again  to  about  O.IX  mil. 
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TABLE  3.  ALOFT/COPPER  Conf^uration  Bombing  (Prime  Modes). 


Pilot 


Ranging  Attack 


Straight  Dive- 
Date  path  toss 

BARO  I  FLR  BARO  I  FLR 


Mean  Median 


582-72-85  Duncan  3/12/76  0.94  0.63  1.15  1.01 

0.23  0.55  0.77  0.75  0.77 

582-73-77/78  Barrel  3/13/76  1.55  1.13  1.59  1.29 

0.22’  1.41  1.06  1.15  1.29 


Fleming 


0.75  0.75 


0.64  1.04  1.09  1.02  0.94 


Median  0.59  1.05  1.11 


0.42  0.35  0.37  0.21 


^  Scaled  to  X,  the  specified  A-7  bombing  accuracy. 

TABLE  4.  ALOFT/FIBER  OPTICS  Configuration  Bombing  (Prime  Modes).' 


Pilot 


Flight 


582-112/104  I  Tkach  4/21/76 


•Ranging  Attack 


Straight  Dive- 
Date  path  toss 

BARO  I  FLR  BARO  I  FLR 


Mean  Median 


1.19  1.02 


582-111-lOlA  I  Barrel  4/20/76-  1.81  0.62  1.13  1.64 

1.21  1.41  1.35  0.73  1.24  1.28 

582-160-153A  I  Kaufman  6/8/76  0.89  1.39  1.16  1.31 

0.12  1.73  0.70  0.28  0.95  1.03 


582-161-158 


6/9/76  0.50  1.15  0.94  0.52 

0.86  0.38  0.38  0.64  0.52 


Mean 

0.99 

1.15 

0.94 

1.00 

Median 

0.91 

1.06 

0.94 

1.02 

Std. 

dev. 

0.52 

0.35 

0.28 

0.55 

1 

1 

“  Scaled  to  X,  the  specified  A-7  bombing  accuracy 
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A  similar  inspection  of  the  ALOFT  configuration  data  also  indicates 
that  results  in  all  four  modes  are  equivalent  and  can  be  characterized 
by  a  single  set  of  statistical  parameters.  The  COPPER  configuration 
shows  much  the  same  behavior  except  in  the  straight  path  BARO  mode  where 
the  results  are  significantly  different  from  the  other  three  modes. 

Since  the  bomb  sample  in  this  mode  is  only  four  and  since  the  standard 
deviation  of  the  entire  COPPER  sample  is  very  close  to  the  standard 
deviation  of  each  of  the  samples,  it  is  assumed  that  the  difference  in 
this  one  case  is  due  to  statistical  variation  and  that  in  fact  all 
modes  are  equivalent. 

Thus,  from  the  above  analysis  it  can  be  seen  that  for  comparisons 
to  an  accuracy  of  about  O.IX  mil  the  entire  sample  of  FLEET,  ALOFT/ 

COPPER,  or  ALOFT/FIBER  OPTICS  bomb  drop  data,  or  of  any  reasonable 
mixture  of  modes,  can  be  used  interchangeably  without  compromising  the 
significance. 

In  a  manner  similar  to  that  done  for  the  analysis  of  mode-to-mode 
variation,  the  effects  of  flight-to-f light  and  pilot-to-pilot  variation 
can  be  analyzed  using  Tables  2,  3,  and  4.  However,  the  flight-to-flight 
and  pilot-to-pilot  variation  is  considerably  greater  than  that  found  in 
the  analysis  of  mode-induced  variation.  In  each  of  the  three  sets  of 
data,  pilot-to-pilot  variation  is  greater  than  0.2X  mil  and  in  one  case 
(FIBER  OPTICS)  is  as  great  as  0.55X  mil.  Whether  this  is  a  pilot-induced 
variation  or  flight-to-flight  variation  is  impossible  to  determine 
because  no  pilot  flew  the  same  configuration  twice.  The  significance 
of  this  degree  of  variation  is  that  comparisons  of  data  based  on  one  or 
two  different  pilot. i  have  significantly  reduced  believability  unless 
differences  are  in  excess  of  a  0.2X  to  0.3X  mil.  Even  comparisons  of 
data  based  on  the  same  mix  of  pilots  must  be  carefully  treated  since 
the  variation  observed  could  be  flight-to-flight  variation  rather  than 
pilot-to-pilot  variation  (as  it  is  labeled  for  convenience) . 

Figure  12  gives  the  individual  circular  error  probable  (CEP) 

(from  Tables  2,  3,  and  4)  as  a  function  of  time  (ignoring  any  other 
differences) .  Any  long-term  trends  in  the  data  appear  to  be  significantly 
less  than  short-term  fluctuations. 

The  composite  statistics  from  the  bombing  accuracy,  Tables  2,  3,  and 
4,  are  given  in  Table  5. 


TABLE  5.  CEP  Prime  Mode  Bombing  Summary. 


Configuration 

Mean 

Median 

Std.  dev. 

FLEET 

0.66 

0.31 

COPPER 

0.94 

0.40 

ALOFT 

1.02 

0.45 
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FIGURE  12.  Temporal  Variation  of  Bombing  Accuracy  (Prime  Modes). 


In  Table  5  there  is  an  apparent  change  in  bombing  accuracy  between 
the  FLEET  and  the  COPPER  configurations.  Both  the  mean  and  median  CEP 
show  similar  increases.  The  difference  between  COPPER  and  FIBER  OPTICS 
configurations,  however,  appears  minimal.  The  difference  between  FLEET 
and  COPPER  modes. is  anticipated  since  software  and  hardware  differences 
exist  between  these  configurations,  and  have  nothing  to  do  with  the 
fiber  optics,  technology  under  evaluation.  Since  the  statistics  '.'.sed 
to  arrive  at  these  numbers  are  onesided  (absolute  miss  distance),  the 
increase  in  standard  deviation  for  COPPER  and  FIBER  OPTICS  configurations 
cannot  be  linked  directly  to  Increased  scatter  in  the  data. 

The  fact  that  both  pilots  Barrel  and  Duncan  flew  FLEET  and  COPPER 
configurations,  and  both  recorded  degradations  in  CEP  and  standard  de¬ 
viation  suggests  strongly  that  this  degradation  is  real.  From  a  straight 
CEP  analysis,  the  difference  between  the  baseline  (COPPER)  performance 
and  the  FIBER  OPTIC  performance  appears  nonsignificant.  Unfortunately, 
because  the  COPPER  sample  was  small  and  the  pilot-to-pilot  variation  was 
large,  the  data  could  be  deceptive  in  that  a  statistical  fluctuation  is 
just  as  likely  to  nullify  a  real  change  as  to  create  a  false  one. 

Error  Contributions.  In  order  to  explore  the  data  more  fully,  it 
can  be  broken  into  its  error  contributions.  The  CEP  makes  a  contribution 
due  to  randomness  drop-to-drop  and  due  to  translation  of  the  mean  impact 
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point  off  the  target.  The  movement  of  the  mean  impact  point  off  target 
can  further  be  broken  down  into  an  aircraft-dependent  (e.g.,  bombing  to 
the  left),  and  an  inertial  term  (e.g.,  bombing  east  of  the  target). 
Depending  on  the  direction  of  flight,  the  aircraft-dependent  term  can 
appear  random  and  can  easily  be  overlooked. 

Aircraft  Bias.  Table  6  gives  the  mean  impact  points,  for  the 
pertinent  bombing  accuracy  flights,  in  aircraft  coordinates  and  Table  7 
gives  the  mean  impact  points  in  inertial  (ground)  coordinates.  Table  6 
represents  where  the  bombs  would  hit  if  the  plane  flew  the  same  direction 
on  each  flight,  while  the  mean  impact  points  in  Table  7  are  the  actual 
bomb  hits.  In  Table  6  it  appears  that  in  FLEET-conf igured  flights,  the 
pilots  dropped  their  bombs  close  enough  to  the  target  that  it  can  be 
assumed  no  significant  aircraft  bias  exists.  In  the  ALOFT/COPPER  data, 
the  bombs  appear  to  fall  short  and  to  the  left,  although  the  left  tendency 
is  less  consistent  than  tie  short  tendency.  Only  two  pilots/flights  is 
far  from  a  good  sample. 

In  the  data  of  Table  6,  a  very  pronounced  trend  is  clear.  Bomb 
impacts  showed  a  short  and  right  of  the  target  bias.  The  mean  impact 
point  is  in  the  right  lower  quadrant  and  its  expected  (average)  location 
is  nearly  0.8X  mil  off  target.  Furthermore,  if  the  indicated  mean  impact 
point  for  the  COPPER  configuration  is  correct,  the  aircraft  bias  shifted 
about  0.9X  mil  in  the  change  from  COPPER  to  FIBER  OTPICS. 

Table  7  indicates  that  the  actual  mean  impact  points  show  about 
0.5X  mil  of  inertial  bias  in  both  the  FLEET  and  COPPER  configurations. 

The  FIBER  OPTIC  data  show  a  true  mean  impact  point  0.3X  mil  off  target. 
Although  the  vast  majority  of  mean  impact  points  fall  in  the  southwest 
quadrant,  only  in  the  western  trend  in  the  FLEET  configuration  is  the 
trend  both  consistent  and  significant.  Certainly,  there  is  no  signifi¬ 
cant  change  between  the  COPPER  and  FIBER  OPTICS  data.  The  fact  that 
the  mean  impact  point  for  the  FIBER  OPTICS  configuration  data  is  fairly 
close  to  the  target  indicates  that  in  these  flights,  where  the  number 
of  flights  north-to-south  (N-S)  was  equal  to  the  number  south-to-north 
(S-N) ,  the  bombing  was  consistent  in  both  directions  in  aircraft 
coordinates  and  very  little  inertial  bias  was  present. 

Therefore,  the  bombing  accuracy  data  indicate  that  a  significant 
change  in  gross  bombing  accuracy  accompanied  the  change  from  the  FLEET 
configuration  to  the  ALOFT/COPPF.R  configuration.  This  change  in  accuracy 
was  anticipated  and  indeed  represents  the  reason  for  the  ALOFT/COPPER 
flights,  which  was  to  establish  a  new  baseline  for  the  aircraft  in  the 
ALOFT/FIBER  OPTICS  modes.  No  further  degradation  in  gross  bombing 
occurred  when  the  computer  interface  was  changed  to  the  FIBER  OPTIC  mode. 
Examination  of  mean  impact  points,  however,  indicates  that  a  considerable 
shift  in  mean  impact  point  occurred  when  the  fiber  optics  were  incorporated. 
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This  apparent  shift  in  aircraft  alignment  accounts  for  more  bombing 
error  in  the  FIBER  OPTICS  configuration  than  from  all  causes  in  the 
FLEET  configuration  (0.77X  versus  0.66X).  This  alignment  shift  could 
be  caused  by  physical  alignment  problems  (however,  a  later  check  proved 
this  untrue)  or  by  electrical/HUD  misalignments  having  nothing  to  do 
with  ALOFT  fiber  optics. 


TABLE  6.  Prime  Bombing,  Aircraft  Referenced 


Flight 

Pilot 

Date 

No.  of 
releases 

Mean 

X 

Y 

X 

rv 

Miss 

582-54-73 

Duncan 

2/23/76 

8 

0.11 

-0.37 

•  •  • 

• 

•  • 

•  • 

• 

582-51-71A 

llarrel 

2/20/76 

8 

-0.12 

-0.01 

. . . 

• 

.  • 

•  • 

• 

582-49-69 

Fleming 

2/18/76 

5 

-0.19 

-0.5 

-0.05 

-0 

.13 

0. 

14 

582-72-85 

Duncan 

3/12/76 

8 

-0.07 

-0.22 

. . . 

• 

• . 

. . 

. 

582-73-77/78 

Barrel 

3/13/76 

7 

-0.45 

-0.80 

-0.26 

-0 

.51 

0. 

57 

582-112-104 

Tkach 

4/21/76 

8 

0.98 

-0.55 

•  •  . 

. 

•  . 

•  • 

. 

582-111-lOlA 

Barrel 

4/20/76 

8 

0.76 

-0.47 

. . . 

. 

•  • 

.  . 

. 

582-160-153A 

Kaufman 

6/8/76 

8 

0.39 

-0.46 

. . . 

. 

•  . 

• . 

. 

582-161-158 

Bezlep 

6/9/76 

7 

*  J 

0.27 

L. _ _  .  ,  ,.-j 

-0.47 

0.60 

-0 

.49 

0. 

77 

^  Scaled  to  X,  the  specified  A-7  bombing  accuracy 


'TABLE  7.  Prime  Bombing,  Inertial  Referenced 


Flight 

Pilot 

Date 

No.  of 
releases 

Mean 

X 

Y 

X 

Y 

Miss 

582-54-73 

Duncan 

2/23/76 

8 

-0.46 

0.07 

•  •  • 

•  •  • 

•  •  • 

582-51-71A 

Barrel 

2/20/76 

8 

-0.57 

-0.02 

.  •  . 

■  •  • 

•  • 

582-49-69 

Fleming 

2/18/76 

5 

-0.42 

0.08 

-0.49 

0.04 

0.49 

582-72-85 

Duncan 

3/12/76 

7 

-0.53 

-0.09 

•  .  • 

•  •  • 

•  • 

582-73-77/78 

Barrel 

3/13/76 

7 

-0.1?. 

-0.65 

-0.32 

-0.37 

0.49 

582-112-104 

Tkach 

4/21/76 

8 

-0.20 

-0.12 

•  •  • 

•  •  • 

•  • 

582-111-lOlA 

Barrel 

4/20/76 

8 

-0.64 

-0.33 

.  .  c 

■  •  • 

•  • 

582-160-153A 

Kaufman 

6/8/76 

8 

-0.03 

-0.42 

•  •  • 

•  ■  ■ 

•  • 

582-161-158 

Bezlep 

6/9/76 

7 

0.32 

-0.12 

-0.15 

-0.25 

0.29 

^  Scaled  to  X,  the  specified  A-7  bombing  accuracy 
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Bombing  consistency  (the  tendency  to  bomb  in  the  same  place),  was 
not  degraded  by  the  addition  of  FIBER  OPTICS  to  the  COPPER  configuration 
baseline.  This  is  shown  by  the  standard  deviations  of  the  CEP  data 
(0.4X  for  fiber  optics  and  0.45X  for  fiber  optics),  combined  with  the 
closeness  of  the  mean  impact  point  to  the  target  in  the  FIBER  OPTICS 
configuration  (-0.15X,  -0.25X),  Indicating  that  the  misses  N-S  were 
about  the  same  as  those  S-N. 

BOMBING  ACCURACY  (NON-PRIME  MODES) 

Data 


Two  flights  in  the  FIBER  OPTICS  configuration  and  one  in  the  COPPER 
configuration  were  flown  to  verify  weapon  system  moding  and  to  verify 
bombing  accuracy  in  backup  modes.  Variations  from  prime  modes  included 
combinations  of:  radar  altimetry,  doppler  inertial  gyro-compass,  radar 
offset,  and  normal  offset.  A  matrix  of  the  various  bomb  drops  is  given 
in  Appendix  C,  Table  C-3.  The  results  of  the  drops  are  given  in  Table  8. 
All  drops  were  successful  in  both  configurations,  indicating  that  moding 
for  all  of  the  various  combinations  tried  was  successful. 


TABLE  8.  Bombing  (Non-Prime  Modes)“ 


C 

COPPER 

FIBER  OPTICS 

FIBER  OPTICS 

Passes 

582-75-90 

582-140-145C 

582-162-159 

REP 

DEP 

CEP 

REP 

DEP 

CEP 

REP 

DEP 

CEP 

1 

-0.65 

-6.38 

0.75 

0.02 

-0.25 

Bl 

0.46 

2 

-1.04 

0.26 

1.07 

-1.30 

-0.74 

0.91 

3 

0.08 

0.35 

0.36 

0.30 

0.33 

0.45 

0.07 

0.76 

0.76 

4 

0.15 

-1.33 

1.34 

-0.50 

0.35 

0.61 

0.56 

0.56 

0.79 

5 

2.74 

-2.00 

3.39 

-1.56 

-0.57 

1.66 

0.10 

0.63 

6 

3.22 

1.91 

3.74 

-3.40 

3.40 

-0.76 

7.09 

7.13 

7 

-0.05 

-0.76 

0.76 

-0.81 

2.25 

-1.52 

-0.22 

1.53 

8 

2.03 

1.44 

2.48 

-5.40 

9 

5.51 

-6.55 

-1.46 

6.71 

9 

-0.26 

1.03 

1.07 

-8.32 

-0.33 

8.32 

8.11 

4.45 

9.29 

10 

-1.64 

10.13 

10.26 

-1.19 

1.75 

2.11 

-5.68 

-13.0 

5.83 

Mean 

2.5 

1.8 

Median 

1.2 

3.1 

Standard  deviation 

2.8 

2.8 

^  Scaled  to  X,  the  specified  A-7  bombing  accuracy. 
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Analysis 

Because  only  three  drops  (one  COPPER  and  two  FIBER  OPTICS)  were 
nade  in  each  of  the  modes  during  these  flights,  it  is  not  possible 
to  compare  the  results  on  a  mode-for-mode  basis.  Therefore,  the 
results  of  all  10  drops  in  copper  and  the  20  drops  in  fiber  optics  were 
comp  ired  collectively.  The  results  are  summarized  in  Table  9. 


TABLE  9.  Comparison  of  All  COPPER 
Versus  All  FIBER  OPTICS  Drops. 


Bomb 

impact 

COPPER 

FIBER  OPTICS 

Mean 

2.5X 

1.8X 

Median 

1.2X 

3. IX 

Standard 

2.8X 

2.8X 

deviation 

The  results  given  in  Table  9  are  not  as  straightforward  as  those 
previously  analyzed.  The  difference  between  the  means  and  medians 
indicates  the  data  are  not  as  well  behaved  as  that  previously  reviewed.* 
This  is  not  a  surprise  since  the  bombing  modes  grouped  here  for  analysis 
vary  considerably  in  inherent  accuracy,  unlike  previous  data  that  were 
produced  from  modes  of  very  similar  inherent  accuracy.  The  change  in 
mean  and  median  taken  together  as  an  indicator  of  performance  does  not 
appear  to  denote  a  significant  change.  The  constancy  of  the  standard 
deviation  further  indicates  that  no  change  has  taken  place  between  the 
COPPER  and  FIBER  OPTICS  configurations,  as  it  shows  that  the  two  samples 
have  about  the  same  proportion  of  close  and  far  misses. 


MISCELLANEOUS  BOMBING 
Data 


In  addition  to  the  bombing  accuracy  tests  described  earlier,  a 
variety  of  bombing  runs  were  made  with  various  weapons  and  delivery 
tactics  to  verify  weapons  system  modlng  and  minimum  release  interval 
(MRI)  equations.  The  flights  used  the  following  weapons:  Mk  82,  Mk  76, 
Mk  106  XCM  and  flares,  Mk  83,  M-61  (gun)  (not  done  in  COPPER),  and 
rockets  (not  done  in  COPPER) . 


*  It  must  be  noted  that  a  2:1  or  3:1  change  in  bombing  accuracy  in  one  of  the  mote  accurate  modes  could 
easily  be  missed  in  this  analysis,  but  no  other  analysis  is  possible  due  to  the  paucity  of  data. 
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Stations  used  for  these  tests  included:  Parent  1,  2,  3,  6,  7,  8; 
multiple  ejector  rack  (MER)  on  2  and  7;  triple  ejector  rack  (TER)  on  2 
and  7 ;  and  LAU-3  on  the  TER. 

Deliveries  included  level,  straight-path,  and  dive- toss  with  a 
variety  of  g  loads. 

Matrices  given  in  Tables  10  and  11  indicate  the  bombing  combinations 
used  in  both  COPPER  and  FIBER  OPTICS  flights. 

In  the  COPPER  configuration,  four  flights  were  flown  consisting  of 
the  bombing  passes  given  in  Table  10.  The  table  also  gives  the  bombing 
results  from  these  drops  including: 

Central  miss  distance — the  distance  from  the  center  of  the  stick 
to  the  target. 

Stick  length — distance  from  the  first  bomb  to  the  last. 

Average  bomb  interval — the  stick  length  divided  by  the  number  of 
bombs  less  one. 

Mean  deviation  from  the  average  interval — the  mean  of  the  difference 
between  the  average  bomb  interval  and  the  actual  bomb  interval. 

Moding  check — indication  that  the  moding  functioned  correctly. 

Skew — the  mean  deviation  from  the  average  interval  divided  by  the 
stick  length. 

Analysis 


Most  of  the  data  listed  above  are  self-explanatory.  The  mean 
deviations  from  the  average  interval  and  the  skew  are  measures  of  the 
bomb  interval  error  in  that  the  higher  the  skew,  the  more  asymmetrical 
is  the  bomb  impact  pattern.  For  instance,  drop  6  (Table  10)  was  highly 
symmetrical,  while  drop  9  was  very  unsymmetrical. 

Very  little  can  be  said  about  the  bombing  data  in  the  COPPER  con¬ 
figuration.  Any  statistic  on  bombing  accuracy  is  contaminated  severely 
by  the  Mk  106  drops  which  exhibited  exceedingly  long  miss  distances  but 
were  of  average  symmetry.  The  most  important  data  are  the  average  skew 
of  0.19  and  the  moding  success  in  each  mode. 

The  results  of  the  miscellaneous  bombing  in  the  FIBER  OPTICS  con¬ 
figuration  are  presented  in  Table  11.  Again  successful  moding  for  each 
delivery  type  is  indicated.  The  significant  indication  that  nothing  has 
changed  in  the  bombing  due  to  the  fiber  optics  is  the  mean  skew  which, 
at  0.16,  remained  virtually  unchanged  from  the  COPPER  configuration  value 
of  0.19. 
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TABLE  10.  COPPER  Configuration  Miscellaneous  B 
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GUNS  AND  ROCKETS 
Data  and  Analysis 

In  the  FIBER  OPTICS  configuration  two  flights  were  made  using  the 
M-61  gun  and  2.75-lnch  rockets,  with  proper  moding  and  weapons  control. 
No  theodolite  data  were  taken  for  miss  distance  of  the  gun  although 
direct  observation  data  are  given  in  Table  12.  The  table  is  qualitative 
but  does  indicate  that  the  gunfire  was  within  proper  operational 
tolerances. 


TABLE  12.  Gunfire  Results. 


Pass 

Miss  X,  ft 

Miss  Y,  ft 

1 

0 

15 

2 

0 

0 

3 

-50  to  +20 

0 

4 

10  to  50 

0 

5 

0  to  -75 

0 

6 

-50 

0 

The  results  of  the  rocket  ’firings  are  given  in  Table  13.  The 
table  indicates  that  the  rocket  firings  were  all  within  normal  A-'/E 
performance  bounds. 


TABLE  13.  Rocket  Results.® 


Flight 

Mean 

Std. 

Mean  error  (A/C  ref) 

Mean 

error  true 

CEP 

dev. 

F-W 

N-S 

Radial 

E-W 

N-S 

Radial 

782-149-150 

0.47 

0.31 

-0.28 

0.038 

0.28 

0.074 

-0.028 

0.079 

782-148-148 

1.12 

0.54 

0.32 

0.087 

-0.43 

-0.43 

0.0 

0.43 

^  Miss  distance  scaled  by  X,  the  specified  A-7  bombing  accuracy. 


NAVIGATIONAL  UPDATE 
Data  , 


From  23  January  to  15  July  1976,  15  navigational  flights  were 
evaluated.  Three  were  flown  in  the  normal  FLEET  configuration  and  three 
were  flown  in  an  ALOFT/COPPER  configuration.  The  remaining  nine  flights 
were  flown  in  the  FIBER  OPTICS  configuration. 
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All  flights  were  made  over  the  same  range  which  had  good,  regularly 
spaced,  visual-  and  radar-update  points.  The  direction  and  amount  of 
navigation  error  recorded  by  the  pilot  at  each  of  these  points  provided 
the  majority  of  data  used  in  the  analysis. 

Two  basic  modes  of  navigation  were  used  during  the  flights,  inertial 
and  doppler  inertial  gyrocompass  (DIG) .  Most  of  the  flights  used  one 
mode  or  the  other,  but  not  both.  Updates  were  made  using  a  well- 
dispersed  mixture  of  HUD  and  radar  with  either  FLR,  BARO,  or  RAD  ALT 
ranging.  Table  14  shows  the  mixture  of  update  modes /techniques  used. 
Figure  13  shows  the  navigational  error  CEPs  found  during  those  flights 
as  a  function  of  time,  indicating  that  any  long-term  temporal  effects 
(e.g.,  drift)  are  submerged  well  below  short-term  effects. 


TABLE  14.  Number  of  Flights  in  Each  Update  Mode. 


Update/ranging 

FLEET 

COPPER 

FIBER  OPTIC 

Inertial 

HUD  BARO 

2 

1 

14 

HUD  FLR 

3 

3 

13 

HUD  RAD  ALT 

3 

1 

8 

RADAR  BARO 

3 

13 

Doppler 

HUD  BARO 

5 

7 

10 

HUD  FLR 

6 

9 

10 

HUD  RAD  ALT 

4 

3 

13 

RADAR  BARO 

4 

6 

8 

FIGURE  13.  ALOFT  Update  Error  CEP  by  Date. 
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Analysis 

Pilot  Variability.  As  in  the  analysis  of  bombing  data,  the  ultimate 
limitation  to  the  fineness  of  the  comparisons  of  FLEET,  COPPER,  and 
FIBER  OPTICS  configuration  data  is  the  uncontrolled  variability  in  the 
data.  For  this  reason,  variability  in  pilots'  capabilities  must  be 
examined  since  no  pilot  flew  sufficient  numbers  of  modes /techniques 
for  each  configuration  to  provide  a  good  comparison;  the  comparisons 
that  can  be  made  are  based  on  insufficient  numbers  of  pilots  to 
"average  out"  pilot-to-pilot  variability. 

Table  15  gives  the  mean  navigational  update  errors  obtained  for 
each  pilot  end  flight  making  up  the  data  set.  The  variability  shown 
in  the  table  is  as  great  as  5:1  fli ght-to-flight  and  pilot-to-pilot, 
and  2:1  for  a  single  pilot  within  one  navigational  mode  and  equipment 
configuration  (see  Duncan  and  Kaufman) .  With  this  great  degree  of 
variability  and  the  relatively  small  number  of  pilots/flights  forming 
the  basis  of  each  major  set  of  data  (NAV  mode  and  configuration) 

(ignoring  update  mode  variation) ,  differences  observed  could  not  be  con¬ 
sidered  significant  unless  their  magnitude  is  greater  than  5-10  seconds. 


TABLE  15.  Mean  Navigaticnal  Update  Errors. 


Date 

Configuration 

Mean  of  error, 
arc  sec 

Pilot 

Inertial, 

,  No.  1 

23  January 

FLEET 

5 

Barrel 

13  Arpil 

FIBER  OPTICS 

17 

Tkach 

16  June 

FIBER  OPTICS 

8 

Duncan 

15  July 

FIBER  OPTICS 

17 

Duncan 

DIG,  No. 

3  and  4 

23  February 

FLEET 

15 

Tkach 

24  February 

FLEET 

14 

Duncan 

15  March 

COPPER 

14 

Rozinek 

16  March 

COPPER 

5 

Barrel 

21  April 

FIBER  OPTICS 

12 

Kaufman 

17  May 

FIBER  OPTICS 

5 

Fleming 

8  July 

FIBER  OPTICS 

29 

i 

Kaufman 

I  Update  Error.  Figure  14  gives  the  distribution  of  navigational 

I  update  error  for  the  various  update  targets.  The  update  station  numbers 

j  shown  in  the  figures  are  known  geographic  locations.  The  figures  indicate 

i 
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— PILOT  DUNCAN.  COMPLETE  GROUND  ALIGNMENT 

....  pilot  TKACH.  COURSE  LEVELINu  COMPLETE,  AIRBORNE  ALIGNMENT 

PILOT  HARRELL,  COURSE  GYROCOMPASSING  ONLY,  AIRBORNE  ALIGNMENT 


(a)  FLEET  flights;  inertial  and  doppler  inertial  gyrocompassing  NAV  mode. 
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UPDATE  STATION  NUMBER 


pilot  ROZINEK,  course  leveling  COMPLETE.  AIRBORNE  ALIGNMENT 
pilot  HARRELL,  COURSE  GYROCOMPASSING  ONLY.  AIRBORNE  ALIGNMENT 
PILOT  TKACH,  COURSE  LEVELING  COMPLETE.  AIRBORNE  ALIGNMENT 


(b)  COPPER  flights;  inertial/doppler  inertial  gyrocompassing  and  doppler 
inertial  .gyrocompassing  NAV  mode. 


PILOT  DUNCAN  I 

PILOT  DUNCAN  I  COMPLETE  GROUND  ALIGNMENT 
PILOT  TKACH  j 


(c)  FIBER  OPTIC  flights;  inertial  NAV  mode. 


FIGURE  14.  Distribution  of  Navigation  Update  Error  by  Signal 
Transmission  Method,  Navigation  Modes,  and  Alignment  Method. 
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(d)  FIBER  OPTIC  flights;  inertial/doppler  inertial  gyrocompassing 
NAV  mode. 
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that  no  one  target  is  consistently  good  or  bad  and  that  update  variability 
found  pilot-to-pilot  and  flight-to-flight  extends  to  the  individual 
update.  The  individual  update  accuracies  obtained  for  different  targets 
on  a  single  flight  vary  by  as  much  as  10:1  and,  in  fact,  successive 
updates  against  the  same  target  by  the  same  pilot  on  the  same  flight 
show  similar  variability. 

Figure  15  gives  histograms  showing  the  distributions  of  error 
amplitude  for  each  of  the  update  modes  and  equipment  configurations. 
Separation  of  both  update  modes  and  configurations  was  not  possible 
in  the  FLEET  and  COPPER  conf igurationp  due  to  the  lack  of  data  taken. 

The  histograms  indicate  an  apparent  loss  of  update  accuracy  in  the 
FIBER  OPTICS  configuration  and  especially  in  the  inertial  update  mode 
compared  to  the  FLEET  and  COPPER  configuration  results,  although  the 
magnitude  of  the  apparent  degradation  is  not  easily  determinable. 

Table  16  gives  the  navigational  update  error  CEP  (in  arc  sec) 
for  the  configurations  and  update  modes  shown  in  the  histograms,  along 
with  the  number  of  updates  forming  each  sample.  The  table  does  indicate 
that  the  FIBER  OPTICS  configuration  was  apparently  degraded,  especially 
in  the  inertial  mode.  However,  this  degradation  is  only  in  the  order 
of  3  seconds  of  arc  and  is  therefore  well  within  the  experimental 
variability  expected  due  to  the  lack  of  sufficient  data. 


TABLE  16.  Update  Error  CEP  (Median). 


Configura¬ 

tion 

Navigation  mode,  arc 

sec 

1  Inertial  I 

1  DIG  1 

1  All 

Navigation 

update 

error 

Number 

of 

samples 

Navigation 

update 

error 

Number 

of 

samples 

Navigat ion 
update 
error 

Number 

of 

samples 

FLEET 

•  • 

•  •  • 

■i 

8.3 

31 

COPPER 

•  •  • 

•  •  • 

•  •  • 

6.1 

FLEET  and 

4.1 

16 

7.1 

WSM 

7.0 

61 

COPPER 

FIBER  OPTICS 

10.3 

49 

8.3 

10.0 

91 

Table  16  is  a  summary  of  the  data  given  in  Table  17,  broken  down 
to  show  the  expected  (mean)  error  and  the  standard  deviations  of  the 
data.  The  table  indicates  that  in  most  cases  the  expected  error  (mean 
error)  is  small  compared  to  the  dispersion  in  the  data  and  the  CEPs 
of  Table  16.  However,  the  data  indicate  that  at  least  the  dispersion 
is  greater  in  the  FIBER  OPTICS  data  than  in  the  FLEET  and  COPPER  data. 
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FIGURE  15.  Distribution  of  Error  Amplitude  for  Each  Update  Mode/Configuration. 


Configuration 

NAV  mo da 

Mean  error,  arc  sec 

Standard 

deviation 

N-S 

E-W 

Radial 

N-S 

E-W 

FLEET 

All 

-1.0 

+1.5 

1.8 

11.0 

9.4 

COPPER 

All 

-0.1 

-2.4 

2.4 

9.9 

6.3 

FLEET  and  COPPER 

Doppler 

-0.6 

-0.5 

0.8 

12.0 

9.4 

FLEET  and  COPPER 

Inertial 

-1.2 

-0.5 

1.3 

6.2 

3.5 

FLEET  and  COPPER 

All  j 

-0.8 

-0.5 

0.9 

10.5 

8.2 

FIBER  OPTIC 

Inertial  ' 

-0.3 

15.0 

FIBER  OPTIC 

Doppler 

+1.6 

20.0 

9.0 

FIBER  OPTIC 

All 

-K).6 

17.0 

11.0 

Although  the  differences  between  the  FLEET/COPPER  data  and  the 
FIBER  OPTICS  data  are  small  compared  to  the  expected  pilot/flight 
variability,  the  consistency  of  the  apparent  degradation  prompted  a 
test  of  its  significance.  The  results  of  the  test  are  shown  in 
Table  18.  The  low  Z-values  found  in  the  table  indicate  that  the  data 
are  not  sufficiently  different  to  conclude  that  they  are  samples  of 
different  populations.* 


TABLE  18.  NAV  Update  Significant  Test  Results. 


- - FLEET/COPPER 

Inertial 

Doppler 

All 

FIBER  OPTIcT 

N-S 

E-W 

N-S 

E-W 

N-S 

E-W 

Inertial 

Doppler 

All 

0.34 

1.28 

0.61 

0.50 

0.61 

0.56 

NOTE:  The  inertial  comparison  is  based  on  virtually 
one  particularly  good  FLEET  configuration  flight  by  Pilot 
Barrel. 


This  lack  of  difference  between  the  configurations  is  further 
emphasized  in  Figure  16  where  the  actual  update  errors  are  plotted. 
These  plots  qualitatively  verify  that  the  FIBER  OPTICS  data  are 
indistinguishable  from  the  FLEET/COPPER  configuration  data. 


*  A  Chi-square  correlation  was  applied  which  determines  the  probability  tliat  two  independent  samples,  having 
diffcient  means  and  variances,  could  have  been  drawn  from  the  same  parent  population.  The  Z-values  are  the 
two-sided  probabilities  associated  with  the  normal  (Gaussian)  distribution. 
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CROSS-TRACK  — ^ 


I 


ERROR  DISTRIBUTION 
BY  UPDATE /ranging 
MODES  (SECONDS) 
INER  +  DIG  COMBINED 

+  =  FLEET 
A  *  ALOFT -COPPER 
•  =  FIBER  OPTICS 


FIGURE  16.  Error  Distribution  Plots  by  Update/Ranging  Modes. 
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WIND  CORRECTION 


Data 

Wind  data  are  taken  by  flying  the  aircraft  in  a  box  with  north, 
south,  east,  and  west  legs,  and  determining  f 

and  speed)  from  the  difference  between  ground  velocity  and  indicated 
air  velocity.  Dispersion  in  the  data  so  derived  is  taken  as  a  “^^sure 

of  inertial  measurement  unit  (IMU)  drift. 

poorer  the  IMU  data.  Because  the  measurement  is jnore 

at  low  wind  speeds  and  of  least  significance  to  bombing  there,  the 

fispe^Ion  is  most  important  at  higher  wind  speeds,  e.g..  above  10  knots. 

Wind  data  were  taken  on  30  trials  of  all  three  configurations 
(P.  FLEET  5  COPPER,  and  17  FIBER  OPTICS)  .  The  results  are  given  in 
xLle  19!  of  thes;,  COPPER  trials  1  and  2  and  FIBER  OPTICS  trials  1, 

2  11  and  12  have  serious  errors  where  the  wind  appeared  to  change 

dlrecaon  with  the  aircraft.  These  data  are  therefore  rejected  as 
Lrdware-induced  failures.  The  remaining  data  were  analyzed  determin 
mean  and  median  direction  and  wind  velocity.  The  standar  ev 
both  the  direction  and  velocity  for  each  trial  was  taken  as  a  measur 
of  measuremental  dispersion.  The  results  are  summarized  in  Tabl,  20. 


Analysis 

Table  20  gives  the  means  and  medians  of  the  standard  deviations  of 
the  data  in  Table  19.  The  mean  and  median  standard  deviations  do  not 
differ  significantly  between  FLEET  and  COPPER  configurations  for  either 
or.  vLoclty.  In  Ihe  COPPER  to  FIBER  ‘jura¬ 

tion,  the  dlapuralon  In  thu  wind  velocity  data 

while  dispersion  In  the  direction  compon,v.,t  remains  "“’’“"j-d-  The 
relationships  are  also  true  for  the  data  representing  trials  with  mean 

velocity  over  IQ  knots . 

The  change  in  the  FIBER  OPTICS  data  of  about  2:1  over  FLEET  con¬ 
figuration  is  due,  at  least  in  part,  to  the  fact  that  the  mean  wind 
velocity  during  the  FIBER  OPTICS  trials  was  significantly  above  that  for 
the  FLEET  configuration  trials  (17  FIBER  OPTICS  to  11  an  ® 

data  clearly  indicate  that  larger  wind  velocity  errors  are  associat  d 
with  higher'^wind  velocities.  In  this  case,  the  COPPER 

data  are  too  sparse  to  draw  any  real  comparison  between  the  FIBER  OPTICS 
and  COPPER  configurations.  Therefore  no  significant  degra  a  on  u 
fiber  optics  is  indicated  in  the  wind  data. 
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TABLE  19.  Wind  Data. 


Configu¬ 

ration 

trials 

Mean 

velocity, 

knots 

Std.  dev. 

Std.  dev. 

Mean,  med.,  std. 

velocity, 

knots 

direction, 

deg 

All 

>10  knots 

FLEET: 

1 

8.5 

2.9 

18.6 

2 

26.3 

6.3 

10.9 

Mean 

3.3 

3.9 

3 

7 

3.3 

.14.3 

Med. 

3.1 

4.0 

4 

11.5 

1.5 

15.5 

Std. 

1.3 

2.0 

5 

6.8 

2.4 

26 

6 

7 

2.5 

12.8 

Mean 

23.5 

21 

7 

10.3 

4.0 

35 

Med. 

17.1 

26 

8 

9.5 

3.4 

55 

Std. 

14 

10 

COPPER: 

Mean 

2.2 

2 

la 

4.3 

8.3 

92 

Med. 

2.5 

2 

2a 

10 

1.2 

83 

Std. 

0.5 

0.5 

3 

9.8 

2.7 

39 

4 

15.8 

2.5 

3.6 

Mean 

17 

5.8 

5 

13.5 

1.5 

8 

Med. 

8 

5.8 

Std. 

16 

2.2 

FO: 

la 

9.3 

2.6 

102 

2a 

6 

2.5 

91 

3 

34.8 

18.8 

73 

4 

31.5 

10.2 

7.6 

5 

10  .'5 

4.6 

21 

6 

10 

4.9 

13 

7 

12 

6.0 

33 

Mean 

7  4 

7.9 

8 

9.5 

6.7 

33 

Med. 

5.9 

5.9 

9 

10.8 

1.1 

39 

Std. 

5.6 

5.8 

10 

17.3 

4.3 

27 

lia 

6 

3 

75 

Mean 

32 

27 

12a 

4.5 

1.1 

79 

Med. 

27 

24 

13 

15.3 

4.3 

28 

Std. 

21 

17 

14 

16.8 

5.9 

19 

15 

25.3 

20.2 

14 

16 

19.0 

6.8 

24 

17 

7.3 

2.5 

80 

3  Not  Included  in  analysis  due  to  non-ALOFT  hardware  failure. 
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TABLE  20.  Wind  Data  Statistics. 


FLEET 

COPPER 

FIBER  OPTICS 

Winds 

Velocity, 

knots 

Direc¬ 

tion, 

deg 

Velocity, 

knots 

Direc¬ 

tion, 

deg 

Velocity, 

knots 

Direc¬ 

tion, 

deg 

All  data: 

Mean 

3.3 

m 

2.2 

17 

7.4 

32 

Median 

3.1 

2-.  5 

8 

5.9 

27 

Std.  dev. 

1.3 

14 

0.5 

16 

5.6 

21 
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RESULTS  AND  COMMENTS 


The  ALOFT  demonstration  was  conducted  to  confirm  that  fiber  optic 
technology  is  mature  and  practical  for  use  in  internal  aircraft  data 
signal  transmission.  The  flight  test  and  evaluation  of  the  system  was 
the  first  demonstration  of  the  feasibility  of  using  fiber  optics  in  a 
full  system  application  in  an  operational  environment.  Previous 
demonstrations  of  this  technology  in  the  United  States  were  limited  to 
laboratory-level  or  small-scale  flight  evaluations  at  subsystem  level. 

Qualitative  analysis  of  the  ALOFT  system  performance  by  pilots. 

technicians  associated  with  the  program  states  that  the 
ALOFT  system  performs  as  well  as  a  well-groomed  fleet  A-7  aircraft. 
Analysis  of  the  ALOFT  flight  test  data  confirms  this  evaluation. 

K  u  a  result  of  the  analysis  performed  on  the  data  gathered  from 
both  the  baseline  and  demonstration  flights,  normal  aircraft  moding  was 
unaffected  by  the  ALOFT  computer  and  its  associated  software  modifica¬ 
tions  or  by  the  fiber  optics  themselves. 

-u  bombing  accuracy  concurrent  with  the  change  from 

the  FLEET  to  ALOFT/COPPER  aircraft  configuration  was  significant  but 
nothing  to  dd  with  the  fiber  optic  technology.  A 
flight  shift  in  mean  impact  point  also  occurred  when  the  aircraft  was 
reconfigured  from  ALOFT/COPPER  to  ALOFT/FIBER  OPTICS,  but  did  not  affect 
bonding  consistency  or  overall  accuracy.  Unconfirmed  speculation 
attributes  this  shift  to  a  malfunctioning  IMS  unit  that  required 
replacement  concurrent  with  the  configuration  changeover. 

Backup  mode  bombing,  as  well  as  bombing  in  sticks,  with  various 

rockets  all  showed  no  effect  as  a  result 
of  the  fiber  optic  data  transmission. 

®*8nltlcant  change  In  the  navigational  update 


During  wind  tests, 
was  due  to  higher  wind 
figuration  flights  than 


an  apparent  decrease  in  the  accuracy  of  data 
velocity  during  the  FIBER  OPTIC  aircraft  con- 
were  experienced  in  the  COPPER  configuration. 
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Appendix  A 

DETAILED  TECHNICAL  DESCRIPTION 


MULTIPLEXING/DEMULTIPLEXING 

Multiplexing/demultiplexing  (MUX/DEMUX)  employed  by  the  ALOFT  system 
was  of  the  time  division  type.  Figure  A-1  shows  a  typical  MUX/DEMUX 
method  used  to  transmit  data  between  the  computer  E/O  adapter  and  the 
external  unit  and  the  area  E/O  adapters.  Ala.  fiber  optic  links  used  the 
50-kHz  clock  provided  by  the  computer  for  50-kHz  serial  I/O  channels  as 
a  trigger  for  data  transmission  except  the  navigation  and  weapons 
delivery  (NAV/WD)  panel  and  the  direct  analog  link  to  the  ADI. 


DATA 

TO 

COMPUTER 


FIGURE  A-1.  Typical  MUX/DEMUX  Method. 
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Transitions  of  the  50-kHz  clock  trigger  the  control  logic  for  the 
link.  The  output  data  are  then  parallel-loaded  into  a  register  and 
serially  shifted  out.  The  control  logic  also  keeps  track  of  the  number 
of  bits  being  sent  out  and  terminates  transmission  when  the  last  data  bit 
is  sent.  Input  data  that  come  into  the  DEMUX  logic  from  the  E/0  receivers 
are  shifted  into  an  input  register.  The  data  are  then  parallel-loaded 
into  a  buffer  register  and  transmitted  to  the  appropriate  computer  input 
line. 

Manchester  Encoder 

The  serial  data  that  are  transmitted  from  the  computer  to  the  area 
adapters  are  Manchester-encoded  prior  to  being  converted  to  optical 
signals  by  the  E/O  drivers.  Manchester  coding  allows  both  data  and 
clock  to  be  combined  into  self-clocking  waveforms .  Figure  A-2  shows 
a  diagram  of  a  typical  Manchester  encoding  circuit  as  used  in  the 
ALOFT  system. 


LOGIC 


MANCHESTER 
ENCODED 
SERIAL  DATA 
TO  E/0  ADAPTER 


FIGURE  A-2.  Manchester  Encoder. 


At  the  beginning  of  each  bit'  time,  the  serial  data  being  transmitted 
are  sampled  and  then  complemented  at  the  center  of  the  bit  period.  In 
this  manner  a  signal  is  generated  as  depicted  in  Figure  A-3.  Note  that 
there  is  a  transition  in  the  center  of  each  bit  time.  This  type  of 
signal  encoding  is  useful  in  that  it  is  self-clocking.  The  necessary 
information  for  deriving  both  the  clock  and  serial  data  is  contained 
within  the  same  signal.  Significant  hardware  savings  can  be  accomplished 
with  a  Manchester-coded  waveform,  an  important  advantage  when  retrofitting 
a  system  into  an  already  loaded  aircraft.  For  the  ALOFT  system,  an 
oscillator  is  employed  to  generate  a  control  clock  only  in  the  computer 
E/0  adapter.  In  the  other  adapters  the  input,  a  Manchester-coded 
signal,  is  used  to  generate  the  data-sampling  clock  and  the  necessary 
timing  to  transmit  data  back  to  the  computer.  The  control  logic  also 
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enables  and  resets  the  output  flip-flop  of  the  Manchester  encoder  so 
that  a  synchronization  bit  is  generated  at  the  beginning  of  each  trans¬ 
mission.  When  the  last  bit  is  sent  out,  transmission  is  terminated. 

As  a  result,  the  data  transmitted  over  the  I/O  links  are  in  the  form 
of  a  series  of  bursts  at  a  given  repetition  rate. 


.SIT  TIME 

f  1  1 

1  1  1 

r ' ' 

0 

0 

1 

0 

0 

SERIAI 

DATA 

MANCHESTER 

ENCODED 

DATA 


nnuu 


FIGURE  A-3.  Manchester-Encoded  Serial  Data. 


OPTICAL  INTERFACES 

The  optical  interfaces  used  in  the  ALOFT  system  consist  of  point- 
to-point  transmission  from  an  E/0  driver  circuit,  through  the  FO  cable, 
to  an  E/0  receiver  circuit. 

The  driver  circuit  used  in  the  ALOFT  system,  shown  in  Figure  A-4, 
serves  to  convert  electrical  signals  (the  Manchester-coded,  serial  output 
of  the  multiplex  logic)  to  light  pulses. 


R2 

2.7O 


FIGURE  A4.  Schematic  of  ALOFT  E/0  Driver  Circuit. 
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Logic  level  inputs  are  used  to  switch  the  SN54S40  dual  NAND  gate 
that  turns  the  current  on  and  off  through  the  SPX-2231.  Resistor  R3 
sets  the  DC  through  the  LED,  while  capacitors  C4  and  C5  produce  a 
current  pulse  about  five  times  the  value  of  the  DC.  The  current  pulse 
compensates  for  the  loss  in  bandwidth  at  the  receiver  preamplifier, 
giving  the  preamplifier  a  flat  frequency  response  throughout  the 
operating  range  of  the  receiver.  Capacitors  Cl,  C2,  and  C3,  along  with 
resistor  R2,  form  the  decoupling  network  for  the  circuit.  Resistor  R1 
is  used  to  hold  up  the  unused  gate  Inputs.  The  output  of  the  driver  is 
routed  through  the  FO  cables  to  the  appropriate  receivers . 

The  optical  input  to  the  receiver  is  coupled  to  the  photodiode  (PD) 
which  is  an  HP4207.  The  receiver  circuit  (Figure  A-5)  shows  how  optical 
power  is  converted  to  current  in  this  silicon  device.  The  signal  from 
the  PD  is  then  amplified  by  a  transimpedance  amplifier  (Q1  and  Q2) ,  which 
converts  the  input  current  to  a  voltage.  The  transimpec'ance  of  the 
amplifier  is  approximately  equal  to  R1  or  5,000  ohms.  The  second  stage 
of  the  trans impedance  amplifier  also  acts  as  a  paraphrase  amplifier  that 
creates  a  differential  input  which  is  AC-coupled  to  the  video  amplifier 
VI  (SE592) .  The  value  of  the  AC-coupling  is  set  to  band-limit  the 
receiver  noise  output.  Inductor  LI,  damped  by  R20,  is  used  for  stability. 
The  differential  input  video  amplifier  has  a  single-ended  output  with  a 
gain  of  200. 


R2  R4  R7 

33n  ion  losz 
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The  output  of  the  video  amplifier  is  sent  to  a  comparator  U2  (SE  529)  , 
where  it  is  threshold-detected  and  amplified.  This  device  also  has  an 
internal  Schottby  gate  which  serves  as  the  standard  TTL  output  driver. 

In  order  that  the  threshold  for  both  zero-to-one  and  one-to-zero  be  equal, 
the  comparator  is  connected  as  a  Schmitt  trigger  via  the  feedback  and 
bias  network  which  includes  R5,  R17,  and  R18. 

The  E/0  receiver  has  a  shield  assembly,  as  indicated  by  the  dashed 
lines  in  the  schematic,  used  to  minimize  the  amount  of  crosstalk  between 
nearby  receivers  and  between  the  preamplifier  and  output  sections  of  the 
receiver. 

The  output  of  the  receiver  is  then  routed  to  the  DEMUX  logic  for 
conversion  into  the  signals  going  to  the  computer  or  to  the  A-7  avionics 
assembly,  depending  on  the  direction  of  the  transmission.  Both  the  E/0 
driver  and  receiver  circuits  are  mounted  on  a  two-sided  PC  board  bonded 
to  a  standard  4  tt  page  frame.  The  device  connector  has  the  LED  or  PD 
mounted  inside  it  so  that  light  can  be  coupled  to  or  from  the  FO  cable. 

The  IBM  4  TT  packaging,  employed  in  the  ALOFT  system,  is  similar  to 
that  employed  in  the  NWDS  computer.  This  type  of  packaging  was  chosen 
due  to  its  proven  reliability  and  maintainability  in  military  applica¬ 
tions.  The  basic  module  of  the  4  tt  technology  consists  of  a  pluggable 
electronic  assembly,  called  a  page,  which  is  shown  in  Figure  A-6.  A 
page  consists  of  two  multilayer  printed  circuit  boards  bonded  to  a  metal 
frame.  The  low-density  page  used  in  the  ALOFT  system  can  accommodate 
up  to  48  integrated  circuits  DIP  flat  packs  on  each  side  of  the  board 
for  a  total  of  96  per  page.  The  two  sides  of  the  page  are  differentiated 
by  referring  to  them  as  either  A  or  B  side.  An  A  with  an  arrow  is 
stenciled  on  the  header  to  readily  identify  the  A  side  of  the  board. 


E-PINS  y— TEST  POINTS 
_ C _ 


JACKSCREW- 

HEADER 


FLATPACKS 


o  o  o  o  o  o  0  Jf©  ' 
eoooooooooo 

_ I  2  3  4  5  6  7  B  9  10  II  12 

'□r 


MULTILAYER 
PC.  BOARD 


MOUNTING 

FLANGE 


METAL 
■  FRAME 


I/O  CONNECTORS  -  98  PINS 


CONNECTOR 

PINS 


FIGURE  A-6.  4  tt  Page. 
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AREA  ADAPTERS 


The  ALOFT  hardware  is  packaged  in  six  adapters.  Five  are  external 
to  the  computer  and  one  is  internal  to  it.  The  five  adapters  that  are 
external  to  the  computer  are  very  similar  in  construction.  They  consist 
of  the  necessary  logic  and  E/0  pages,  power  supplies,  and  I/O  harnesses. 
All  are  packaged  in  the  4  ir  pages  described  earlier.  The  metal  frame  of 
the  ^ge  serves  as  a  mount  for  the  I/O  connector,  the  power  connector, 
and  FO  connectors.  The  adapters  all  have  four  connectors  (one  I/O  con- 
nector,  one  power  connector,  and  two  FO  connectors),  except  for  the 
cockpit  area  adapter  which  has  five.  The  photograph  in  Figure  A-7 
illustrates  a  typical  4  tt  page. 


RECEIVER 

CIRCUIT 


PO  AND  PREAMP 
MOUNT  I NG /CON NE CTOR 

FiVTiJOF  nyiTu  CMiri  ni 


TRANSMITTER 

mant  ht 


LEO 

MOUNTING/CONNECTOR 


FIGURE  A-7.  LED  and  Detector  Mounting  on  Transmitter/Receiver  Circuit 
Board  Used  in  ALOFT  Area  Adapters. 


As  mentioned  earlier,  the  external  area  adapters  are  very  similar 
to  each  other  in  the  components  they  contain  and  the  function  they  serve 
For  the  purpose  of  illustration,  the  left-hand  equipment  compartment 
area  adapter  is  discussed  in  detail  here. 
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Figure  A-8  shows  the  logic  schematic  for  the  A  side  of  the  page. 

The  left-hand  adapter  uses  two  pages  for  its  multiplexing,  demultiplexing, 
and  E/0  functions.  The  page  at  location  A1  on  the  back  panel  is  the 
MUX/DEMUX  or  logic  page.  On  the  A  side  of  this  page  is  the  Manchester 
decoder,  control  logic,  and  output  buffer  registers  for  the  adapter, 
as  well  as  the  output  drivers.  The  B  side  of  the  page  (Figure  A-9)  has 
all  the  receiver  logic  for  signals  from  the  IMS  and  master  function 
switch.  Along  with  these  are  a  series  of  sample  and  hold  circuits,  for 
the  IMS  velocity  pulses,  made  up  of  integrated  circuits  (ICs)  E4,  E5, 

F4,  F5,  G5,  and  G6  as  well  as  the  shift  registers  used  to  serialize  the 
data  back  to  the  computer. 

The  A1  page  is  split  up  so  that  Che  adapter  outputs  come  from  the 
A  side  of  the  page  whereas  the  adapter  inputs  go  to  the  B  side  of  the 
page,  thereby  making  it  easier  to  pinpoint  the  area  to  be  probed  in 
case  of  suspected  input  or  output  problems .  Figure  A-10  is  the  timing 
diagram  for  the  left-hand  equipment  compartment  area  adapter. 

The  E/0  driver  and  receiver  in  the  left-hand  equipment  area  adapter 
are  on  page  A2  of  the  adapter  (see  schematic  in  Figure  A-11) . 


COMPUTER  E/0  ADAPTER 

The  NWDC  E/O  is  central  to  the  operation  of  the  computer  in  either 
a  COPPER  or  FIBER  OPTIC  mode. 

In  the  COPPER  mode,  the  E/0  adapter  provides  the  timing  clock 
(10  MHz)  and  the  power  on  reset  signal  to  the  TC-2A  converter  logic 
control  and  timing  page.  Moreover,  it  also  provides  the  necessary 
jumper  so  that  the  I/O  signals  that  are  routed  to  the  adapter  can  go 
back  out  to  their  corresponding  I/O  pins. 

When  in  a  FIBER  OPTIC  mode,  the  E/O  adapter  provides  all  of  the 
MUX/DEMUX  capability  for  the  NWDC  I/O  signals  as  well  as  the  Manchester- 
encoding  E/O  conversion  and  required  control  and  timing  necessary  for 
communication  to  all  of  the  external  unit  and  area  E/O  adapters. 

The  NWDC  E/O  adapter  consists  of  a  back  panel  assembly  that  holds 
the  needed  logic  and  E/O  pages  and  I/O  harness.  This  back  panel  assembly 
is  of  the  same  type  as  was  used  in  the  other  E/O  adapters  except  that  it 
has  eight  usable  page  locations.  A  ninth  location  on  the  back  panel, 
which  has  no  page  I/O  connectors,  is  used  to  hold  the  A9  harness  page 
that  goes  to  the  computer  I/O  connectors  when  the  computer  is  in  a 
FIBER  OPTIC  mode,  thereby  disconnecting  all  the  ALOFT  system  signals 
from  the  computer  I/O. 

A  block  diagram  of  the  E/O  adapter  is  shown  in  Figure  A-12  depicting 
the  adapter  as  it  appears  in  the  FIBER  OPTIC  mode.  This  diagram  shows 
the  page  locations  and  general  arrangement  of  the  adapter. 
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FIGURE  A-1 1 .  Schematic  of  Left-Hand  Area  Adapter  E/0  Functions. 


FIGURE  A-I2.  Arrangement  of  Pages  in  E/0  Adapter. 
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A1  Page 


The  A  side  of  the  A1  page  is  dedicated  to  interface  with  the 
forward-looking  radar  and  right-hand  (RH)  bay  adapters.  All  the 
circuitry  necessary  for  this  purpose  is  contained  in  this  half  of  the 
page.  This  compactness  was  achieved  by  having  both  adapter  interfaces 
share  a  common  control  logic. 

With  rising  and  falling  edges  of  the  computer  50-kHz  clock  trigger 
signal,  the  transmit  logic  is  enabled  and  data  are  loaded  into  the  shift 
registers.  The  data  are  then  shifted  out  serially,  Manchester-encoded, 
and  transmitted  to  the  corresponding  E/O  drivers  on  the  A3  page.  Inputs 
from  the  E/O  receivers  on  the  A7  page  are  clocked  into  the  output  buffer 
flip-flops  by  the  control  logic  at  the  appropriate  time,  thereby  gener¬ 
ating  Inputs  to  the  computer  for  each  signal  coming  from  the  FLR  and 
doppler  sets  via  fiber  optics. 

The  B  side  of  the  page  contains  all  the  logic  necessary  to  transmit 
information  to  and  receive  information  from  the  cockpit  area  adapter 
over  the  28-VDC  discrete  channel.  For  this  application,  a  computer 
50-kHz  serial  clock  is  received  and  counted  down  for  use  as  trigger  for 
data  transmission  and  reception. 

Since  digital  conversion  bits  for  the  Bullpup  elevation  and  azimuth 
analog  signals  are  received  over  this  link,  transmission  of  the  discrete 
signals  that  come  from  the  cockpit  adapter  is  interleaved  with  the  trans¬ 
mission  of  the  Bullpup  information,  thereby  accommodating  the  relatively 
slow  analog-to-dlgltal  conversion  time  in  the  cockpit  adapter. 

The  control  -logic  sets  two  frame  bits  in  the  Information  sent  to 
the  cockpit  adapter  that  tells  the  cockpit  adapter  which  set  of  informa¬ 
tion  it  is  to  transmit  at  a  given  time  over  the  28-VDC  discrete  channel. 

The  data  received  from  the  cockpit  adapter  are  clocked  into  two 
input  registers  and  then  loaded  into  the  output  buffer  registers.  When 
conversion  bits  are  received  for  the  Bullpup  azimuth  and  elevation  bits, 
they  are  loaded  into  registers  on  the  A5  page  which  has  the  digital-to- 
analog  conversion  modules. 

Two  discretes  from  the  NAV/WD  panel  are  received  over  this  link, 
the  NAV/WD  interrupt  and  self-test  signals. 

Data  that  are  sent  to  the  cockpit  adapter  are  transmitted  every 
frame. 
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A2  Page 


This  page  is  the  other  MUX/DEMUX  that  performs  logic  and  MUX/DEMUX 
functions  in  the  computer  E/O  adapter. 

On  the  A  side  of  the  page  is  the  logic  that  interfaces  with  both 
the  left-hand  (LH)  bay  and  ASCU  adapters.  With  every  positive  transition 
of  the  computer's  50-kHz  serial  output  clock,  data  are  sent  to  and 
received  from  these  adapters. 

Even  though  the  transmission  to -the  left  bay  adapter  contains 
information  on  15  different  discrete  signals  and  the  serial  channel  to 
HUD  electronics  unit  while  only  two  discretes  are  transmitted  to  the 
ASCU  adapter,  the  sharing  of  common  timing  and  control  logic  for  both 
adapters  enables  reception  of  the  13  signals  coming  from  the  left  bay 
adapter  and  the  17  signals  from  the  ASCU  adapter  with  a  minimum  of 
hardware. 

Serial  data  going  to  the  adapters  are  Manchester-encoded  prior  to 
transmission  to  the  E/0  drivers,  as  is  the  case  with  all  the  digital 
optical  links  coming  from  the  computer  E/O  adapter. 

Information  being  received  from  the  left  bay  and  ASCU  adapters  is 
shifted  into  an  input  register  and  then  loaded  into  the  appropriate 
buffer  register,  thereby  performing  the  needed  serial-to-parallel 
conversion. 

Contained  on  the  B  side  of  the  page  is  the  logic  that  interfaces 
with  the  optical  transmission  and  reception  of  the  serial  and  control 
signals  to/from  the  navigation  and  weapons  delivery  control  panel. 

Since  this  interface  is  program  controlled,  transmission  is  affected 
whenever  the  computer  raises  either  the  read  or  write  lines .  The  logic 
then  starts  transmission  by  sending  a  burst  of  pulses  containing  the 
necessary  control  Information,  i.e.,  address  information  and  whether  the 
operation  is  read  or  write.  This  initial  burst  is  followed  by  16  other 
bursts  coinciding  with  transitions  of  the  computer  1-MHz  serial  clock. 
These  are  on  the  A2  page. 

A4  Page 


This  page  contains  the  six  digital  E/O  drivers  that  transmit  the 
optical  signals  to  the  external  E/O  adapters.  Only  the  A  side  of  the 
page  was  used  for  this  purpose. 

When  installed,  this  page  has  a  bracket  mounted  over  it  that  serves 
to  tie  down  the  computer's  internal  fiber  optic  cables  that  go  to  the 
E/O  drivers.  The  bracket  is  held  in  place  by  two  screws  mounted  into 
the  page  jacks crews. 


67 


NWC  TP  5954 


A  hex  inverter  integrated  circuit  (IC)  on  this  page  provides  buffer 
drive  for  certain  of  the  signals  going  to  the  aerospace  ground  equipment 
(AGE)  connector.  These  signals,  which  are  outputs  and  inputs  to  the 
MUX/DEMUX  logic,  are  routed  to  the  AGE  connector  for  test  and  trouble¬ 
shooting  purposes. 

AS  Page 


The  A5  page  of  the  computer  adapter  is  identical  on  both  A  and  B 
sides.  Each  side  has  an  analog-to-digital  converter  module  along  with 
two  6-bit  registers  mounted  on  it. 

The  A  side  of  the  page  is  used  for  the  conversion  of  the  digital 
bits  for  the  Bullpup  azimuth  signal  back  into  its  proper  analog  format 
before  it  goes  to  the  TC-2A  signal  converter.  The  B  side  of  the  page 
is  used  to  convert  the  Bullpup  elevation  signal  back  to  analog  form. 

The  converter  modules  run  continuously  changing  the  analog  value  as 
the  data  in  the  register  changes.  All  12  digital  bits  and  the  clock 
signal  that  loads  the  registers  come  from  the  DEMUX  logic  on  the  B  side 
of  the  A1  page. 

This  page  is  installed  only  in  the  FO  mode  of  operation. 


A7  Page 


The  A7  page,  normally  referred  to  as  the  6-receiver  page,  contains 
all  six  of  the  E/0  receivers  in  the  computer  adapter  as  well  as  the 
direct  analog  transmitter. 

The  A  side  of  the  page  has  on  it  the  receivers  for  the  optical 
signals  from  the  ASCU,  left  bay,  and  FLR  adapters. 

The  B  side  of  the  page  has  the  E/O  receivers  for  signals  from  the 
right  bay  and  cockpit  adapters. 

After  the  optical  signals  are  converted  to  electrical  signals  by 
the  receivers,  they  are  sent  to  the  appropriate  MUX/DEMUX  logic,  where 
the  serial  signal  is  changed  to  parallel  form. 

The  direct  analog  driver  has  the  distinct  characteristic  of  con¬ 
taining  two  LEDs  and  a  PD.  One  of  the  LEDs  is  used  for  the  signal  output; 
the  other,  together  with  the  PD  is  used  as  an  optical  feedback  loop  for 
temperature  compensation.  Both  LEDs  are  mounted  in  the  same  connector 
block,  thereby  providing  temperature  tracking.  Since  this  circuit 
provides  a  light  output  that  is  directly  proportional  to  the  electrical 
input  signal,  it  should  be  adjusted  to  its  proper  output  prior  to 
aircraft  usage. 
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Harness  Pages  A8  and  A9 

The  other  tv;o  pages  that  are  used  in  the  computer  E/O  adapter  are 
the  two  harness  pages  labeled  A8  and  A9.  These  two  pages  are  made  up  of 
a  modified  4  tt  page  frame,  on  which  are  mounted  the  standard  page  I/O 
connectors  and  two  narrow  PC  boards  with  plated-through  holes  that  are 
connected  one-for-one  to  the  page  I/O  pins.  Harness  wires  are  soldered 
into  the  holes.  As  a  result,  the  harness  wire  can  be  connected  to  the 
back  panel  assembly  by  Installing  the  harness  page. 

It  is  the  use  of  these  two  harness  pages  that  provides  the 
capability  for  the  ALOFT  to  be  used  in  either  a  fiber  optic  or  wired 
mode. 


When  the  computer  is  in  a  COPPER  mode,  harness  page  A8  is  plugged 
into  location  A6  on  the  back  panel  and  harness  page  A9  into  location  A8. 
Jumpers  are  wire-wrapped  on  the  back  panel  between  locations  A6  and  A8 
so  that  when  the  pages  are  in  these  locations,  the  corresponding  wires 
are  jumped  together.  The  other  end  of  the  harness,  soldered  into  the 
A8  page,  goes  back  to  the  computer  back  panel.  The  wires  that  are 
soldered  into  the  A9  harness  page  go  back  to  the  computer  I/O  connectors. 
When  the  harness  pages  are  in  locations  A6  and  A8,  the  computer  has  an 
external  I/O  that  is  the  same  as  it  was  prior  to  modification. 

For  a  FIBER  OPTIC  mode  of  operation,  the  A8  harness  page  is 
installed  in  location  A8  and  the  A9  harness  page  in  location  A9 .  Since 
location  A9  has  no  page  I/O  receptacles,  the  ALOFT  system  signals  are 
disconnected  from  the  computer  I/O.  The  A8  harness  page  carries  these 
signals,  between  the  E/O  adapter  and  the  computer  back  panel,  that  are 
transmitted  or  received  via  fiber  optics. 


NAVIGAIION  AND  WEAPONS  DELIVERY  COMPUTER 

Due  to  space  limitations  in  the  A-7  aircraft,  a  tactical  computer 
was  modified  internally  to  accommodate  an  E/O  adapter.  The  modification 
to  the  computer  was  twofold.  Space  had  to  be  made  for  the  E/O  adapter 
and  provisions  made  to  allow  the  adapter  to  interface  with  the  computer 
and  optically  with  the  external  unit  and  area  adapters. 

The  solution  involved  the  removal  of  the  Kearfott  signal  converter 
that  is  a  standard  part  of  the  TC-2  computer.  The  converter  was  replaced 
with  the  IBM-built  signal  converter  that  is  employed  in  the  TC-2A  com¬ 
puter.  This  converter  uses  one-half  the  space  that  the  Kearfott  converter 
does,  while  performing  the  same  signal  conversion  functions.  This 
computer  thus  modified  is  referred  to  as  the  ALOFT  computer. 

In  order  to  facilitate  the  testing  and  maintenance  of  the  ALOFT 
computer  (with  the  TC-2A  signal  converter)  and  still  use  existing  test 
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facilities,  the  computer  was  designed  with  a  convertible  feature.  The 
ALOFT  computer  can  be  connected  by  either  the  COPPER  wired  mode  or  the 
ALOFT  system  optical  mode. 

When  the  computer  is  in  its  COPPER  configuration,  it  presents  the 
same  I/O  to  the  aircraft  avionics  as  it  did  prior  to  modification. 
Although  converting  the  computer  takes  about  2  hours,  the  capability  to 
operate  in  either  mode  was  greatly  desirable  not  only  for  maintenance 
and  troubleshooting  purposes,  but  also  because  it  provides  the  means  to 
establish  a  reference  for  the  performance  or  the  ALOFT  system  hardware. 

TC-2A  Converter 


The  use  of  the  TC-2A  signal  and  data  converter,  in  the  TC-2  computer 
for  the  ALOFT  program,  provided  the  room  needed  to  incorporate  the 
computer  E/O  adapter  within  the  computer  frame. 

The  TC-2A  converter  is  made  up  of  a  back  panel  and  side-rail  struc¬ 
ture  that  holds  four  logic  and  analog  circuitry  pages  as  well  as  seven 
Scott-T  transformers  mounted  on  a  bracket.  These  are  used  to  derive 
digital  information  from  various  analog  and  synchronization  signals. 

This  converter  thereby  replaces  the  Kearfott  unit  that  is  a  part  of  the 
unmodified  TC-2  computer. 

The  converter  back  panel  is  hard-wired;  that  is,  all  interconnections 
are  made  by  internal  layers  on  the  back  panel.  In  the  TC-2A,  however, 
this  back  panel  is  larger  and  holds  the  I/O  and  CPU  portions  of  the 
TC-2A  computer  as  well.  As  a  result,  various  connections  had  to  be 
added  to  this  back  panel  via  soft  wires. 

The  operation  of  the  converter  is  outside  the  scope  of  this  report. 
For  information  on  it,  one  should  refer  to  the  appropriate  sections  in 
TC-2A  operations  and  maintenance  manuals. 


COMPUTER  MODE  CONVERSION 

The  modification  to  the  TC-2  computer  used  in  the  ALOFT  program  was 
done  so  that  it  is  possible  to  convert  the  computer  from  a  fiber  optic 
mode  of  operation  to  a  wired  mode  of  operation  and  vice  versa. 

Due  to  packaging  limitations,  conversion  from  one  mode  to  the  other 
must  be  done  in  a  proper  sequence. 

Fiber  Optic  Mode  to  Wired  Mode  Conversion 

To  convert  the  computer  from  the  fiber  optic  mode  to  the  wired  mode, 
the  computer  must  first  be  entirely  disconnected  from  any  installation 
it  might  be  in.  The  conversion  involves  30  steps  as  follow: 
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I 


1.  Place  the  computer  on  its  side  so  that  the  side  plate,  which 
allovys  access  to  the  converter  and  E/O  adapter  (right-side  cover  plate 
looking  at  the  computer  from  the  front)  ,  is  up. 

2.  Remove  the  right-side  cover  plate. 

3.  Disconnect  all  the  Winchester  connectors  P1-P5  at  the  I/O  end 
of  the  TC-2A  converter. 

4.  Disconnect  both  Winchester  connectors  on  the  E/O  adapter. 

5.  Remove  the  TC-2A  converter  A9  page. 

6.  Remove  the  converter  A8  harness  page. 

7.  Remove  the  ground  wires  for  the  AGE  harness  and  the  A8  and  A9 
harness  pages  of  the  E/O  adapter. 

8.  Drape  the  AGE  harness  out  of  the  computer. 

9.  Unscrew  the  alien-head  screws  from  the  top  and  bottom  of  the 
computer  that  hold  the  converter  assembly  in  place. 

10.  Carefully  remove  the  converter  assembly  from  the  computer. 

11.  Cut  the  lacing  that  ties  down  the  fiber  optic  cables  to  the 
top  of  the  converter  A4  and  A7  pages  and  remove  the  tie-down  brackets 
from  the  top  of  both  pages. 

12.  Remove  the  A4  six-driver  page  and  carefully  disconnect  all  the 
FO  cables  from  the  LIT  device  connectors.  Store  the  A4  page. 

13.  Remove  the  A7  six- receiver  page  and  carefully  disconnect  all 
the  FO  cables  from  the  LIT  device  connectors. 

14.  Remove  pages  Al,  A2,  and  A5  from  the  E/O  adapter;  store  the  A1 
and  A5  pages . 

15.  Reinstall  the  A2,  L20-304-page  in  the  A3  location. 

I  CAUTION  { 


If  this  page  is  left  in  the  A2  location 
for  wired  mode  operation,  serious  damage 
to  the  computer  and  NAV/WD  panel  I/O 
can  result. 


16.  Remove  both  harness  pages  A8  and  A9  from  their  places  at 
locations  A8  and  A9 . 

17.  Carefully  free  the  FO  cables  from  under  the  brackets  that  hold 
connectors  J2  and  J3  on  the  E/O  adapter. 

18.  Remove  the  four  screws  that  hold  the  computer  FO,  multipin 
connector  JIO  in  place. 
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19.  Carefully  remove  connector  JIO  with  its  FO  harness  from  the 
computer.  Store  it. 

20.  Install  harness  page  A8  in  location  A6. 

21.  Install  harness  page  A9  in  location  A8. 

22.  Replace  the  TC-2A  converter  in  the  computer;  tighten  down  the 
alien-head  screws  that  hold  in  place.  (Alignment  is  difficult.) 

23.  Reconnect  connectors  P1-P5. 

24.  Place  the  AGE  harness  back  in  its  place,  making  sure  to  tuck 
it  in  well  behind  the  E/0  adapter  side  rails. 

25.  Screw  in  the  ground  wires  for  the  AGE  harness  and  harness  pages 
A8  and  A9. 

26.  Install  the  AGE  harness  page  A8  in  its  location  in  the  TC-2A 
converter. 

27.  Reconnect  connectors  P2  and  P3  (located  between  the  E/O  adapter 
and  signal  converter) ,  making  sure  to  tuck  the  power  harness  going  to 
connector  P3  behind  the  side  rail  of  the  converter  assembly. 

28.  Reinstall  the  converter  A9  page. 

29.  Replace  the  computer  side  cover  plate. 

30.  Cover  the  hole  left  by  connector  JIO  with  masking  tape  or  other 
appropriate  material. 

The  computer  is  now  ready  for  wired  mode  operation  and  can  be  used 
in  a  rack  as  any  other  TC-2. 

Wired  to  Fiber  Optic  Mode  Conversion 


To  convert  the  computer  from  wired  to  fiber  optic  mode,  first 
follow  the  instructions  for  the  fiber  optic  to  wired  conversion,  up  to 
and  including  step  io  of  the  procedure.  At  this  point,  the  converter 
is  out  of  the  computer  and  the  AGE  harness  is  draped  out  of  the  way. 
Proceed  with  the  additional  22  steps  of  the  conversion  as  follows: 

1.  Remove  page  L20-304  from  its  position  in  location  A3  and 
reinstall  at  location  A2. 

2.  Remove  harness  pages  A8  and  A9  from  their  positions  at  locations 
A8  and  A9 . 

3.  Carefully  reinstall  the  FO  connector  into  location  JIO,  making 
sure  to  replace  all  four  screws  that  secure  it  in  place. 

4.  Separate  the  FO  cables  from  connector  JIO  into  two  bundles. 
Cables  marked  30,  21,  20,  16,  34,  and  7  are  routed  under  the  E/0  adapter 
J3  connector.  Drape  the  cables  out  of  the  way. 
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5.  Install  harness  pages  A8  and  A9  into  the  E/0  adapter  A8  and  A9 
locations,  respectively. 

6.  Install  the  Al,  L20-297  page. 

7.  Install  the  A5,  L20-302  page. 

8.  Carefully  connect  the  appropriate  FO  cables  to  the  receivers 
and  driver  on  the  A7,  L20-294. 

9.  Install  the  A7  page  in  the  E/O  adapter. 

10.  Connect  remaining  FO  cables  to  the  appropriate  drivers  on  the 
A4,  L20-815  page. 

11.  Install  the  A4  page  in  the  E/O  adapter. 

12.  Install  the  FO  cable  tie-down  brackets  over  the  top  of  the 
A4  and  A7  pages . 

13.  Tie  down  the  FO  cables  to  the  brackets  using  regular  harness 
lacing. 

14.  Carefully  arrange  the  FO  cables  portion  that  goes  under  the 
TC-2A  converter  so  that  the  cables  lie  flat. 

15.  Replace  the  TC-2A  converter  assembly  into  the  computer,  ensuring 
all  of  the  alien-head  screws  that  hold  it  in  place  are  installed. 

16.  Reconnect  connectors  P1-P5. 

17.  Bring  in  the  AGE  harne'ss  into  the  computer  and  tuck  both  legs 
of  the  harness  behind  the  E/0  aaapter  side  rails. 

18.  Install  the  AGE  harness  A8  harness  page  into  location  A8  on  the 
TC-2A  converter  back  panel. 

19.  Reconnect  connectors  P2  and  P3  on  the  E/0  adapter,  making  sure 
the  harness  that  goes  to  P2  is  tucked  behind  the  converter  side  rail. 

20.  Secure  ground  wires  for  the  A8  and  A9  harne.ss  pages  and  the  AGE 
connector  harness  to  the  most  convenient  page  jackscrew. 

21.  Reinstall  the  converter  A9  page. 

22.  Replace  the  computer  side  cover  plate. 

The  computer  is  now  ready  for  fiber  optic  operation. 
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Appendix  B 

DETAILED  INSTALLATION  DESCRIPTION 


The  following  paragraphs  and  illustrations  relate  how  the  test 
aircraft  was  modified  for  the  ALOFT  system. 

Figure  B-1  details  the  routing  qf  the  wiring  harness  and  fiber 
cables;  the  asterisks  (*)  show  the  locations  of  holes  that  were  drilled 
in  the  aircraft  to  accommodate  them. 

The  Right  Avionics  Compartment  Area  Adapter  was  installed  on  the 
right  avionics  compartment  shelf  immediately  forward  of  the  air  data 
computer  (ADC) .  Three  holes  were  drilled  in  the  shelf  for  installation 
of  the  mounting  plate  assembly.  The  area  adapter  box  was  then  secured 
to  the  mounting  plate  and  properly  grounded.  Figure  B-2  shows  the 
adapter  location. 

The  Left  Avionics  Compartment  Area  Adapter  was  mounted  in  the  space 
provided  for  the  LORAN  on  the  left  avionics  floor.  The  three  existing 
fastener  locations  were  utilized  and  one  additional  hole  was  required 
to  be  drilled  through  the  floor  in  order  to  secure  the  mounting  plate. 

The  ground  strap  on  the  area  adapter  was  attached  and  the  adapter  was 
mounted  to  the  plate. 

The  ASCII  Adapter  Box  was  mounted  on  the  left  avionics  compartment 
shelf  immediately  forward  of  the  ASCII.  Three  additional  holes  were 
drilled  in  the  shelf  to  mount  the  mounting  plate.  The  grounded  ASCII 
adapter  box  was  then  mounted  to  the  plate.  Figure  B-3  details  the 
left  bay  area  adapter  location  for  both  the  ASCII  adapter  and  the 
left  bay  area  adapter  box. 

The  FLR  Adapter  Box  was  mounted  in  the  forward  left  mid-equipment 
compartment,  outboard  of  the  sweep  generator.  The  adapter  box  was 
attached  to  the  existing  aircraft  structure  using  a  plate,  brackets,  and 
clips.  It  was  necessary  to  drill  five  holes  through  the  mounting  plate 
and  the  mounting  bracket  at  the  same  time  because  of  the  close  tolerances 
on  the  holes.  Care  was  taken  to  properly  ground  the  adapter  box,  and 
then  plate  and  assembly  were  Installed  in  the  aircraft.  Figure  B-4 
shows  the  location  of  the  FLR  adapter  box  in  the  forward  left  mid¬ 
equipment  compartment. 
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TO  ALL  ALOFT  ADAPTER 
FROM  ONE  BREAKER. 


FIGURE  B-2.  Right  Bay  Area  Adapter  Location  and  Mounting. 


The  Cockpit  Adapter  Box  was  mounted  in  the  map  case  slot  in  the 
right-hand  instrument  console,  of  the  cockpit.  The  canopy  release  handle- 
had  to  be  removed  prior  to  installation  and  was  reinstalled  after  the 
installation  was  completed.  The  cockpit  adapter  box  also  required  that 
a  heat  shield  be  installed  to  environmentally  protect  the  box. 

The  routing  of  the  fiber  optic  cables  was  completed  in  the  same 
manner  as  the  electrical  wiring  except  at  the  cockpit  pressure  bulkhead. 
This  feedthrough  installation  provides  for  five  fiber  optic  and  four 
electrical  cables  which  connect  to  the  cockpit  area  adapter  box.  There 
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were  five  penetrations  required  for  fiber  optic  cables  and  wiring  in 
addition  to  the  one  described  above;  where  possible,  the  fiber  optic 
cable  and  wiring  was  routed  together.  Doublers  were  required  to  rein¬ 
force  holes  drilled  in  aircraft  structure  for  routing.  All  electrical 
installations  were  made  in  accordance  with  MIL-W-5088;  however,  in 
critical  areas,  safety  of  flight  was  the  prime  consideration  for  all 
installations . 


Appendix  C 

TEST  REQUIREMENTS 


PREDEMONSTRATION  VALIDATION 

The  predemonstration  validation  is  based  upon  the  objectives  of  the 
ALOFT  program  and  includes  a  cursory  validation  of  the  OFF  using  a 
simulator,  selected  ground  tests,  performance  of  the  OTP,  and  various 
navigation  and  radar  grooming  flights.  The  specific  tasks  pertaining 
to  the  prederaonstration  validation,  the  aircraft  configuration  to  which 
they  are  applicable,  and  the  test  where  each  will  be  performed  are 
listed  in  Table  C-1. 


TABLE  C-1.  Ptedemonstration  Validation  Requirements. 


Test 

FLEET 

ALOFT/COPPER 

ALOFT/FIBER  OPTIC 

Task 

Lab . 

A/C 

Lab. 

A/C 

Lab . 

A/C 

Bores ight 

X 

1 

OFT: 

FLEET 

ALOFT 

X 

X 

X 

X 

X 

Cursory  validation 

X 

X 

System  test 

X 

X 

X 

X 

IMS  drift  check 

X 

X 

X 

X 

Project  test 

X 

X 

X 

Grooming  flights 
(navigation  and 
radar  evaluation) 

X 

X 

X 

Boresighting 

Special  tools  and  test  equipment  were  required  to  accomplish  this 
portion  of  the  effort:  a  216-00275  short-range  boreslght  tool  and  a 
215-00112-28  AOA  vane  alignment  set.  The  boresighting  was  accomplished 
in  accordance  with  the  procedures  contained  in  NAVAIR  01-45AAE-2-14. 
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n,«nh  data-point  information  was  recorded  for  each  of  the  equin- 

ments  that  required  boresighting.  The  boresight  target  and  fdetaU  of 

throuS^'c  f  equipment  are  shown  in  Figures  C-1 


.figure  c-1.  Radar  Mount  Boresight  Tolerance. 


Operational  Test  Program 

«Mi-2™7  6  1“  accordance  with  nIvAIR  01- 

The  OTP  waa  proceaaed  la  the  configuration^  de^ict^rfrJa'blf  C-J?'''' 
Cursory  Validation 

0p1rc7^ig„£7a£dS:n?£S^ 

alsted  Of  navigation  valldatlon:''^^ tatatlo^:\\rh^“d“:rch“ch3. 
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FIGURE  C-2.  Antenna  Assembly  Fixture  Boresight  Tolerance 


FIGURE  C-3.  IMU  Mount  Boresight  Tolerance 
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FIGURE  C4.  Electrical  Equipment  Mount  Boresight  Tolerance. 


Navigation  validation  evaluated  the  capability  to  accurately  align 
the  IMS  platform  testa  for  each  alignment  method.  The  IMS-HUD  alignment 
mode  was  tested  by  performing  a  test  matrix  in  which  both  the  amount 
of  platform  misalignment  and  IM?  mode  selection  were  varied.  The  capa¬ 
bility  to  control  the  automatic  update  of  the  IMS  gyro  parameters  was 
tested  by  performing  automatic  calibrations  (AUTO  CALs)  and  observing  the 
accuracy  of  the  computations  and  functional  moding.  Correct  display 
and  readouts  of  the  flight  recorder  channel  were  tested  by  observing 
the  system  response  to  computer  control  panel  entries.  The  software's 
ability  to  correctly  apply  reliability  and  reasonability  tests  to  the 
input  sensor  data  was  verified.  The  capability  to  control  navigation 
functions  was  verified  by  performing  a  matrix  of  simulated  flights  for 
various  configurations  of  alignments,  navigation  modes,  wind  inputs, 
and  valid  velocity  sensors. 

Weapons  delivery  validation  was  performed  by  testing  the  weapon 
moding  and  making  various  weapon  accuracy  checks.  Tests  were  performed 
to  ensure  that  all  legal  ASCU  codes  were  recognized.  Including  pilot- 
option  weapons. 

Interface  checks  evaluated  the  capability  to  interface  the  tactical 
computer  with  other  components  of  the  navigation  and  weapon  delivery 
system  and  was  tested  using  the  actual  hardware.  These  hardware  checks 
were  made  in  the  laboratory  and  on  the  test  aircraft  to  ensure  proper 
fit  and  interface. 
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checks  were  made  in  order  to  verify  the  operation  and 
integration  of  the  system;  a  special  ALOFT  OFP  was  used.  The  scope  of 

following  special  tools  and  test  equipment: 
an  AN/APM-348  radar  altimeter  test  set,  the  AN/ASM-478  IMS,  and  doppler 
ground  speed  simulator.  Performance  during  systems  checks  was  carefully 
mon  ored  and  thoroughly  analyzed  to  ensure  system  integrity.  These 
tests  were  especially  important  because  a  newly  configured  tactical 
computer  was  used  in  the  Integration  of  the  ALOFT  system. 

in-place  Inertial  navigation  check  (drift  check)  was 
performed  to  determine  if  the  IMS  performance  was  within  the  limits 
Im  Amn  ca^  navigation  and  weapons  delivery.  The  land-based 

syste^^' spsdal  tests  of  Instrumentation 
systems.  Initially,  after  assignment  of  an  aircraft  to  the  project 

ope"  10° 

peration.  Also,  a  flight  recorder  test  tape  was  "pulled"  on  each  of 
fu^M^f configurations  to  ensure  that  the  recorder  was  still 
functioning  properly  after  changing  to  each  configuration. 

veriflJSl^S^fTrh^  navigation  evaluation)  are  system 

aJLt- -  n  f  “r  "f 

"e:TtS: 

BASELINE  FLIGHTS 

confi:r::L°S\tth%1^ror1?fo^“irb1":;m;tl^^^ 

weapons!^Ld'°MR?^wLpoL"®^'ae  delivery  of  conventional 

are  given  in  Tables  ?-2,-C-3.  aL'^C-ir^S^ectively" 


DEMONSTRATION  FLIGHTS 

The  requirements  for  the  flrsr  in  fUr-t,*..,  , 

configuration  were  the  same  as  f'^rthe  bLeuL lught 
forianc_. leventh  flight  with  gun  and  rochets  wa^  IX  ll 


TABLE  C-2.  Navigation  Mode  Functions. 


Type 

NAV  mode 

Type  alignment 

North/East 

Inertial 

Complete  ground  alignment 

i 

North/East 

Inertial/DIG 

Complete  ground  alignment 

North/East 

DIG 

Course  leveling  complete, 
airborne  alignment 

North/East 

DIG 

Course  gyrocompass Ing  only,  ? 

airborne  alignment  j 

TABLE  C-3.  Conventional  Weapons  Flight  Matrix. 
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Appendix  D 

ALOFT  RELIABILITY  AND  MAINTAINABILITY  RESULTS 


RELIABILITY 

For  purposes  of  comparison  of  the  ALOFT  computer  and  peripheral 
avionics  WRA  reliability  with  that  of -equivalent  FLEET  equipment,  monthly 
maintenance  data  tapes  were  obtained  from  Naval  Air  Station,  Lemoore,  CA. 
Attack  Squadrons  146  and  147  were  selected  based  on  an  evaluation  of 
squadron  deplo3nnent  schedules,  operational  mission  profiles,  and  mission 
system  maintenance  philosophy.  These  squadrons'  operations  were  similar 
to  those  used  for  the  ALOFT  project  at  NWC  in  that  flights  were  begun 
with  an  all-up  avionics  system,  flight  profiles  Included  both  navigation 
and  weapon  delivery  flights,  and  maintenance  had  a  high  level  of  docu¬ 
mentation  accuracy.  These  fleet  data  were  inputted  to  a  NAVAIRTESTCEN 
computerized  R&M  data  analysis  program  which  provided  statistically 
valid  R&M  parameters  for  a  comparative  baseline. 

ALOFT-PecuUar  WRA  Reliability 

There  were  no  failures  of  ALOFT-peculiar  WRAs  during  the  72-flight- 
hour  evaluation.  The  small  number  of  flight  hours  accumulated  on  the 
ALOFT  aircraft  reduced  the  confidence  in  the  reliability  analysis. 

Ideally,  several  thousand  flight  hours  are  required  to  achieve  confi¬ 
dence  in  the  data.  Since  no  failures  occurred  to  the  ALOFT-peculiar 
WRAs,  the  mean  flight  hours  between  failure  (MFHBF)  is  greater  than 
72.1.  Using  tactical  computer  operating  hours,  the  mean  time  between 
failure  (MTBF)  is  greater  than  135. 

Fiber  Optic  Connector  Failures 

There  were  three  failures  of  the  fiber  optic  cable  in  the  ALOFT 
aircraft.  Two  failures  were  at  the  J2  connector  of  the  left  bay 
adapter.  The  first  occurred  during  system  installation  when  the  cable 
was  pulled  at  a  right  angle  to  the  connector  which  broke  the  cable  at 
the  connector.  The  cable  was  reterminated  at  the  aircraft  by  the  IBM 
representative.  This  was  his  first  termination  attempt.  Although  the 
connector  was  functional  following  termination,  it  contained  excessive 
broken  fibers  and  appeared  to  be  poorly  terminated.  The  lack  of  addi¬ 
tional  spare  connector  hardware  at  NWC  prevented  a  second  repair  attempt 
and  it  was  decided  to  continue  into  the  flight  test  phase.  The  same 
connector  failed  after  being  subjected  to  excessive  handling  by  visitors 
inspecting  the  installation  following  a  weapons  delivery  demonstration 
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at  NWC.  The  cable  was  satisfactorily  reterminated  and  functional  for 
the  remainder  of  the  flight  test  phase.  Both  failures  were  caused  by 
improper  or  excessive  handling  and  were  not  relevant  to  the  reliability 
of  the  ALOFT  system.  One  additional  failure  occurred  at  J4  of  the  FLR 
adapter.  Although  still  functional,  visual  inspection  revealed  the 
outer  jacket  was  improperly  prepared  prior  to  bonding  and  had  become 
loose  from  the  connector  shell.  It  was  reterminated  and  the  flight  test 
continued.  This  failure  was  also  classified  as  not  relevant. 

ALOFT  Peripheral  System  Reliability 

The  ALOFT  system,  in  providing  the  direct  interface  between  the 
A-7  NWDS  tactical  computer  and  its  integrated  peripheral  avionics,  has 
a  direct  effect  on  the  observed  reliability  of  the  peripheral  systems. 
Table  D-1  summarizes  the  reliability  of  eight  peripheral  avionics 
systems  interfaced  by  ALOFT  and  lists  FLEET  reliability  for  those 
same  systems. 

The  observed  mean  flight  hours  (FHs)  between  maintenance  action 
(MFHBMA)  and  MFHBF  using  both  relevant  and  nonrelevant  failures  is 
10.3  (seven  MAs)  and  24.0  (three  failures)  which  compares  to  the  FLEET 
parameters  demonstrated  reliability  of  7.4  and  21.6.  The  observed 
MFHBMA  and  MFHBF  using  relevant  failures  was  18  and  24.  Although  the 
three  failures  of  the  fiber  optic  cable  are  classified  as  nonrelevant 
from  a  reliability  design  standpoint,  it  is  felt  that  the  inclusion  of 
these  failures  is  more  realistic  to  what  would  be  experienced  in  the 
field.  Therefore,  using  upper  and  lower  factors  for  determining  90% 
confidence  levels  with  seven  observed  failures  (Table  D-2) ,  the  true 
MFHBMA  lies  between  6.1  and  21.9.  and  the  true  MFHBF  lies  between 
14.2  and  51.1. 


Maintainability  Maintenance  Concept 


The  maintenance  concept  recommended  for  organizational  (0)  level 
and  intermediate  (1)  level  repair  of  optically  coupled  WRA  is  the  same 
as  for  copper/coaxial  counterparts  in  that  replacement  of  the  WRA  is  at 
the  0  level  and  repair  of  the  WRA  is  at  the  1  or  depot  level.  The 
maintenance  concept  recommended  for  repair  of  fiber  optic  cable  is 
replacement  at  the  0  level  if  simple  retermination  cannot  effect  repair. 
Where  replacement  is  not  practical,  information  must  be  provided  which 
delineates  the  allowable  number  of  splices  each  cable  is  permitted 
prior  to  mandatory  replacement. 
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TAB!^  D-1.  Peripheral  Avionics  Systems  Reliability. 


FLEETS 

ALOFT* 

ALOFT  failures 

wuc 

Nomenclature 

! 

MFHBMA 

MFHBF 

MFHBMA 

MFHBF 

Non¬ 

relevant 

Relevant 

71X1R 

i 

ID  1329/A  Atti¬ 
tude  Direction 
Industry 

65.0 

171.2 

>72.1 

>72.1 

0 

0 

73A1600 

SG811/APQ116 

Sweep  Generator 

112.4 

235.1 

72. 1^ 

>72.1 

1 

0 

73A20 

AN/ASN-91(V) 
Tactical  Com¬ 
puter  Set 

31.1 

88.9 

36* 

36 

2 

2 

73A30 

AN/APN-190  Navi¬ 
gation  Set 

25.5 

60.7 

>72.1 

>72.1 

0 

0 

73A40 

AN/AVQ-7(V)  Head- 
Up  Display  Set 

21.7 

55.8 

24C 

>72.1 

3 

0 

73A50 

AN/ASN-90(V) 
Inertial  Meas¬ 
urement  Set 

12.9 

35.1 

>72.1 

1 

72.1 

1 

1 

735A0 

1 

AN/ASN-99(V)  Pro¬ 
jected  Map  Dis¬ 
play 

42.1 

88.7 

>72.1 

>72.1 

0 

0 

7411B 

C8 18 5 /AWE  Arma¬ 
ment  Station 
Control 

172.4 

654.6 

72.1 

>72.1 

0 

0 

Total 

m 

21.6 

10.3 

24 

7 

1 

3 

Total 

(less  non-relevant  ALOFT  MA)^ 

18 

24 

a  FLEET  data  base  51,711  flight  hours. 
^  ALOFT  data  base  72.1  flight  hours. 

^  ALOFT  cable  repair  (nonrelevant) . 

^  Both  failures  non-ALOFT  components. 


TABLE  D-2.  Confidence  Levels. 


MFHBMA 

MFHBF 

FLEET  system  reliability  (51,711  FH)  . 

7.4 

21.6 

ALOFT  system  reliability  (72.1  FH)  . 

10.3 

24.0 

Lower  90%  confidence  . 

6.1 

14.2 

Upper  90%  confidence  . 

21.9 

51.1 

90 
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Troubleshooting  ALOFT  Peripheral  Avionics 

The  maintainability  of  the  ALOFT  fiber  optic  system  was  very  good. 
The  adapter  units  were  located  for  minimal  Impact  on  avionic  system 
maintenance  with  exception  of  the  FLR  adapter  which  required  removal  to 
facilitate  radar  sweep  generator  maintenance.  Incorporation  of  the 
ALOFT  system  enhanced  peripheral  avionics  maintenance  in  that  fault 
isolation  to  the  WRA  is  easier  using  multiplexed  data  transfer.  Where 
a  normal  system  has  numerous  wires  carrying  data  through  many  cables  and 
connectors,  the  multiplexed  system  utilizes  one  cable  but  carries  data 
from  numerous  systems  concurrently.  Therefore,  if  the  other  systems 
continue  to  operate  correctly,  the  multiplex  cable  cannot  be  suspect 
and  the  failure  most  likely  is  with  the  WRA  or,  as  is  possible  in  this 
system,  within  the  interface  optical  adapter  unit.  In  the  event  an 
adapter  unit  or  single  optical  cable  fails,  data  from  those  associated 
systems  are  absent  from  their  displays  and  easily  recognizable  to  the 
operator. 

Troubleshooting  Fiber  Optic  Cables 


Troubleshooting  of  optical  cables  requires  a  light  source  and 
access  to  both  ends.  Major  breaks  are  visually  recognized  by  the 
absence  of  light  at  one  end  of  the  cable  when  a  light  source  (from  a 
flashlight,  overhead  light,  or  hangar  door  opening)  is  applied  to  the 
other  end.  Low-light-level  transmission  caused  by  broken  fibers  can 
be  determined  using  a  pencil  type  magnifier  of  approximately  40  power 
with  a  good  light  source.  The  maximum  allowable  broken  fibers  in  a 
single  cable  depends  upon  individual  circuit  components,  length  of  cable, 
and  number  of  terminations. 

Fiber  Optic  Cable  Repair 

Repair  of  a  damaged  fiber  optic  cable  is  made  by  using  connector 
hardware.  Since  optical  loss  is  approximately  3  dB  per  junction,  it  is 
necessary  to  replace  the  cable  if  losses  cannot  be  tolerated.  Where 
higher  losses  are  acceptable,  the  cable  is  terminated  with  connector 
hardware  and  the  damaged  section  replaced.  In  most  cases,  the  damage 
is  at  or  near  the  connector  which  may  be  reterminated  using  new  con¬ 
nector  hardware.  Terminations  are  relatively  easy  to  perform  using 
the  following  material  and  equipment:  sandpaper,  wire  strippers,  alcohol, 
epoxy,  heat  gun,  and  coarse  metal  and  fine  phenolic  lapidary  tools.  The 
ease  of  repair  of  fiber  optic  cables  is  an  enhancing  characteristic  which 
should  be  Incorporated  in  future  designs  of  high-da ta-rate,  digital- 
multiplex  systems. 
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LIST  OF  ACRONYMS 


ADC  Air  data  computer 

ADI  Attitude  direction  indicator 

AGE  Aerospace  ground  equipment 

AGR  Air-to-ground  ranging 

ALOFT  Airborne  light  optical  fiber  technology 
ALOFT/COPPER  Conventional  wire  interface 
ALU  Arithmetic  and  logic  unit 

AOA  Angle  of  attack 

ASCU  Armament  station  control  unit 

AUTO  CAL  Automatic  calibration 

BARO  Barometric 

BIT  Built-in  test 

Bullpup  Missile 

CEP  Circular  error  probable 

CPU  Central  processing  unit 

DEP  Defection  error  probable 

DIG  Doppler  inertial  gyrocompassing 

E/0  Electro-optical 

EMI  Electromagnetic  interference 

EMP  Electromagnetic  pulse 

FDM  Frequency  division  multiplexing 
FH  Flight  hours 

FIBER  OPTICS  Fiber  optics  Interface 

FLR  Forward-looking  radar 

FO,  F.O.,  F/O  Fiber  optics 

GFE  Government-furnished  equipment 

HUD  Head-up  display 

IBM  International  Business  Machines  Corporation 
IC  Integrated  circuit 

I/DIG  Inertial  and  doppler  inertial  gyro  compassing 
I/O  Input/output 

IMS  Inertial  measurement  set 

IMU  Inertial  measurement  unit 

LED  Light-emitting  diode 

LH  Left  hand 

LOX  Liquid  oxygen 

LTV  Vought  Division  of  LTV  Aerospace  Corporation 
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MER  Multiple  ejector  rack 

MFHBF  Mean  flight  hours  between  failures 

MFHBMA  Mean  flight  hours  between  maintenance  actions 

MFS  Master  function  selector 

MRI  Minimum  release  interval 

MRL  Minimum  release  level 

MTBF  Mean  time  between  failures 

MUX/DEMUX  Multiplex/demultiplex 

NATC  Naval  Air  Test  Center,  Patuxent  River,  MD 
NAV  Navigation 

NAVAIR  Naval  Air  Systems  Command 

NAV/WD  Navigation  and  weapons  delivery 

NELC  Naval  Electronics  Laboratory  Center,  San  Diego,  CA 
N-S  North  to  south 

NWC  Naval  Weapons  Center,  China  Lake,  CA 
NWDC  Navigation  and  weapons  delivery  computer 

NWDS  Navigation  and  weapons  delivery  system 

OFP  Operational  flight  program 

OTP  Operational  test  program 

PCM  Pulse  code  generator 

PD  Photodiode 

PGSE  Peculiar  ground  support  equipment 
PIN  Positive-intrinsic  negative 

PMDS  Projected  map  display  set 

P/s  Power  supply 

R&M  Reliability  and  maintainability 

RAD  ALT  Radar  altimeter 

REP  Range  error  probable 

RFI  Radio  frequency  interference 

RH  Right  hand 

SIDS  Shrike  improved  display  system 

S-N  South  to  north 

T  T-connector 

TDM  Time  division  multiplex 

TER  Triple  ejector  rack 

WRA  Work  replaceable  assemblyCies) 

WUC  Work  unit  code 

A  Wavelength 
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